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PREFACE 


Since 1929, when the first edition. “Principles of Forest Entomology” 
was published, great advances have been made in the field of forest 
entomology. We have not only learned much that is new about the 
insects themselves but, what is still more important, we ha\’e learned 
much more about the ecology of forest pests. As a result of this increased 
knowledge, we can often predict from the character of the forest whether 
or not a stand is likely to suffer from insect pests. In the case of .some 
tree species, we can predict with considerable accuracy whether or not 
an individual tree will survive for a five-year period; or we can say with 
confidence that those trees in a forest exhibiting certain characteristics 
will be less likely to be killed bj' insect pests than other trees in the same 
stand having less desirable characteristics. The development of new 
synthetic insecticides, especially DDT, has greatly increased the practi¬ 
cability of direct control of forest insects. The result has been to encour¬ 
age large-scale control operations under conditions that would have 
presented insurmountable difficulties in 1929. 

As a result of these changes, the preparation of this revision has been 
far more difficult than in 1939 when the .second edition was published. 
Much of the new material presented here is based upon personal observa¬ 
tions in the field and on unpublished reports. The changes in control 
techniques and the other developments have reciuired almost complete 
rewriting of the text so that this third revision is virtually a new book. 

This is a book on forest entomology and not on forest insects. The 
insect species that are discussed are selected to illustrate ]>rinciples and 
control practices. Other species might have served eciually well for 
these purposes, and in using this book for a text the teacher may prefer 
to substitute some other species. With this possibility in mind, refer¬ 
ences to other species, not mentioned in the text, and additional selected 
references concerned with control practices and principles are included 
in the bibliography. The bibliography is arranged by chapters and, 
as a rule, a publication is listed only once. Reference to the general index 
will indicate the page on which a citation is listed. 

During the revision, many foresters and entomologists rendered valu¬ 
able advice and assistance. For this aid I express my sincere gratitude. 
Much unpublished material, reports, and manuscripts were made avail¬ 
able for use. This generosity on the part of the authors has made it 
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[xissil.lo to irichido material that otherwise might long have been unavail- 
al'le. It is impossible to mention individually all those who have con- 
triltut(Ml to the [)reparation of this book, but special thanks are due to 
many members of the Hureau of Entomology and Plant Quarantine, 
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b(‘ mad(‘ of X. D. Wygant and staff. L. W. Orr, J. C. Evenden and staff, 
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.\I. L. Prebbl(‘ and staff and D. M. Gray made available material in 
atlvaiiee of publication. I am especially grateful to all those who 
I'Mimined and criticized parts of the manuscript and to the many who 
furni.^hed illustrations used in the text. 
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CHAPTER I 


INTRODUCTION 


Forest entomology is that branch of (he biological sciences which deaU 
with the elTects of insects upon forests aiul forest prodiicts. '1 he view¬ 
point of the forest entomologist, therefore, is economic. His chiel objec¬ 
tive is to prevent insect injury to trees and the products derived 1 hereliorn. 
lie studies the characteristics, the habits, and tlie physiological reactions 
of forest insects, because by so <ioing he will be better able to regulate 
their activities. Rut also he must understand the forest: the life history 
and requirements of the individual tree species, their reactions to the 



Fig. 1. A gall on willow produced by a wasp-like insect belonging to the family Cj iiipidae, 
Callirhylxa g. corrixigera. Galls caused by insects are con^picuous although the insects 
involved are often minute. (Bureau of EtUomology atul Plant Qntiranlinc.) 


habitat and to one another, and the characteristics that make some fore.st 
types either susceptible or resistant to insect injury. Thus the forest 
entomologist must be both a forester and an entomologist. 

The majority of species treated in this book have a direct effect either 
upon the trees themselves or upon the products derived from the trees. 
Some, however, have an indirect effect in that they are predaceous or 
parasitic and prey upon the tree pests. In addition to the.se tw'o types 
there is, entering into the forest economy, a multitude of insects that are 
neither pests of trees nor parasitic or predatory enemies of pests. Exam¬ 
ples of these are insects that live upon the plants of the undergrowth, 
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{lin>c that aid ill tlu* disintegration of waste wood in the forest, and those 
rliai fecal upon the organic matter in the duff layer of forest soils. There 
can l>e no doubt that the.se insects play an important, if secondary, part 
in t he forest. Hut they have received scant attention from entomologists, 
and relatively little is known of their activities. 

Importance of Forest Entomology in Forestry, It has been said that 
foicstrv is ‘10 per cent protection. One may not accept this high per¬ 
centage as a fair estimate of the importance of protection, but it must be 



I' la. 2. LonRi-scctioii of a pitie cone show¬ 
ing the giillerio uiul liirvnc of n bupresti<i 


admitted that, if our forests are not 
to be protected from the devasta¬ 
tion of forc.st fire and the ravages of 
insects and fungous diseases, there 
will be little opportunity to practice 
forestry. Fire, fungi, and insects 
are the greatest agents of destruc¬ 
tion in our forests. Any program 
of protection that ignores any one 
of this formidable triumvirate en¬ 
dangers our future timber supply 
and certainlv invites disaster. 

During every stage in the growth 
of wood, from the seed to the 
finished product, important insect 
problem.s are continuously present¬ 
ing themselves. Even before the 
seeds are collected, they may be 
attackeil and injured by certain 
insects. These are for the most 
part moths, beetles, and wasps. 


<(.t»e iH)r.T. chrysophimi fAncuia. {Bureau Although seeds of forcst trees are 

of Eutomolooy anfi Plant Qnarafitine.y i i . 

produced jii prolific quantities* 
often numbering millions per acre in a single season, the damage 
(aused by seed-destroying insects is sometimes serious. In an oak- 


hickory woodland near Ann Arbor. Mich., nut weevils destroyed such a 
large proportion of acorns that for many years little oak reproduction 
l)e( arne established. Similarly in northern Michigan, the natural repro¬ 
duction of white spruce that was expected from a moderately large crop 
of cones in 1948, failed to materialize because of the effects of cone moths 
which had increased to outbreak proportions in the unusually large crop 
of rones of 1947. Even after the cones are gathered and the seed extracted 

and stored, deterioration of the seed, due to the activities of these insects, 
may continue. 
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In the nursery, the seedlings or transplants may be injured by such 
defoliators as climbing cutworms, or by root-eating insects, such as white 
grubs and wireworms. Bark beetles, leal or bud miners, plant lice, and 
scale insects all take their toll from the trees in the forest nursery and also 
from the advance growth of young trees under natural conditions. 



Fig. 3. Weakened trees are often attacked by secondary insects such ns tlie fir srolytus. 
Scoiylua ventralis. figured above. {Bureau of Eutomolooy arid Plant Quarantine.) 


Trees in the sapling stage are sometimes attacked and severely injured 
be defoliators, phloem insects, and sucking insects. The vigorous period 
between the sapling stage and commercial maturity is, as a rule, the stage 
most resistant to insect attack. However, even in this period, the trees 
may occasionally succumb to the attack of defoliatois oi piimary baik 
beetles. With approaching maturity, the vitality is reduced, and the 
trees become increasingly susceptible to insect injury. Bark beetles that 
cannot kill vigorous young trees may breed successfully in the trees of the 
mature forest, and defoliators become much more dangerous than they 
were when the trees were in the full vigor of youth. 
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r.attT. whon tlio trees die or arc cut. tliey promptly become subject to 
the attack of the many kinds of wood-deteriorating insects. Bark 
beetles, ambrosia beetles, roundheaded borers, and flatheaded borers all 
attack and injure dying or recently killed trees and freshly cut wood. 
Not otdy do these insects injure the wood directly by their borings, but 



I u;. 4. Pitcli muss on 
pine caused by I bo ut* 
luck of n >niull inidso. 


tliey are often respon.sible for the introduction 
of wood-staining and wood-rotting organisms. 
As the wood .seasons or decays, it becomes sub- 
ject to the attack of numerous other insects. 

Witli such a multiplicity of insect species 
attacking trees and wood products, it is difficult, 
indeed, for a forester to find any line of forestry 
woik in which ho is not faced by some insect 
problem. ICven the lumber salesman may be 
called upon to pacify a customer who finds 
powdorpost beetles emerging from a newly laid 
liardwood floor. Also, in lumber manufacturing, 
in the pulp and paper industry, in forest by¬ 
product industries, and in the more technical 
[)hase.s of forestry work, entomological problems 
are forever intruding. 

In the past, in spite of the tremendous losses 
caused by insects of forests and forest products, 
entomology has often been looked upon in for¬ 
estry as .something to be ignored whenever 
possible. This was due, in part at least, to the 


Tho Inrvae feed upon teoling among forcsters and lumbermen that in- 

Uie plilooin and t>reatlie t.\, c j. i i , » ... 

throuKh the anal spiracle ^ccts m the loi'cst could iiot be Controlled, and 
ex(rn<iin« from ihe mass therefore they were given scant attention. But 

i>i pjt<’b surrounuiriff tlicin. • a r ^ . 

1 {datively bcfircc in natu- this point of view is rapidlj' changing, and forest 
rai h.rests. thoe pests entomolog>' IS HOW properly considered to be an 

arc sometimes serious in i i - . . ^ 

plantations. integral and important part of forest protection. 

Forest insects are no longer disregarded. Forest 

managers are facing their insect problems with much the same attitude 

that they exhibit toward their problems in silviculture, management, 
and utilization. 


H IS important, therefore, that every forester be able to recognize 
evidences of possibly dangerous insect activities and know enough about 
insects and their control to act intelligently. He should know how and 
where to obtain information about insects and should be able to apply the 
necessary remedies. A person totally ignorant of insects and their ways 
cannot hope to get the best results, any more than an inadequately 
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trained physician can hope to give as good service as one who is well 
acquainted with the disease he is calknl upon to cure. 

Losses Due to Forest Insects. It is undo\il)tcdly true that in North 
America more wood has been destroyed by insects, fungi, and fire than 
has over been cut and used. Of the various wood destroyers, insects are 
by no means the least important. 


Fig* 6* Flathead galleries in a decadent pondcrosa pine produced by the second^ycar 
larvae of Melanophila cali/ornica. {Bureau of Britomoloov arid Plant Quarantine.) 

Accurate estimates of losses due to forest insects are very difficult to 
obtain. In only a few instances have systematic loss records been made 
year after year, and even these are relatively fragmentary. The records 
of losses in the West due to bark beetles are perhaps the best available. 
They are based on records made annually on a considerable series of sam¬ 
ple areas and assume that similar damage occurs on other similar areas. 

In Table I the average annual losses caused by pine bark beetles are 
presented. Estimates are based on periods of at least 26 years; several 
on as many as 51 years. Therefore the figures should be significant. 
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\VK,»..K Anm u. I.oss D. k to Pink Hark Heeti.es in Western United 

iSTATfcS • 


f 

Tm* species 

Pc-ctle species 

.\veragc annual loss, 
board feet 

1 

|’otnl«’ros:» piliP 

I’oinlorosa ))m(“ 
pino 

Siiniir jimc' 

Western wliil*- pint* 
l.odeejioie pin<“ 

Tnttil 

1 

, Dnuiroctonufi hnviromifi 

Df nihortonus pon<U 
Dcfidrortonn^ mofUii'ottw 
\ Ih ndroi tojiui^ monticolfU' 

1 Ih ndroclofUis moutiroUie 

1 Dendrortonu^'X mohticolne 

OG1,500.000 
49.000.000 

153.000.000 
134.000.000 
125.000,000 

205.500.000 

1,G28.GOO.no6 


• frcnu 1910. 

t Lii:^<vs front exu«nvjvc outf>ri*riks of xhtx in^oct in 
not inchnloil in thi.** fijjtiri*. 


1948 and 1949 in Colorado and the Black llilb arc 


Striking as those losses are, the table present's only part of the picture, 
'rhcro aro other losses caused by the .southern pine beetle, Demlroctonus 
frontalis: the eastern spruce beetle. Dcrulroctonus piceaperda; the Uouglas- 
tir beetle, I)( tidrocto/ms psvudolsugac; and the Engelmann spruce beetle, 
Dcndroctouits cjigvhnanni (Nelson and ^^ygant, 1949). 13et\\eeii 1942 
and 1918 the Engelmann spruce beetle alone destroyed at least 4 billion 
hoard feet of standing timber, the value of which is estimated to be about 
8 million Hollars at current stumpage prices. Bark-beetle surveys indi¬ 
cate that in recent outbreaks 45 billion board feet have been killed and 
that the average annual loss caused by this group of insects is between 2 
and 3 billion board feet. 

However, deviations from this average may be expected to be great. 
In some years the mortality of trees from bark beetles is heavy, whereas in 
others it is very light. The.se fluctuation.s may be due to weather varia¬ 
tions or other conditions that will be discussed later. Even greater than 
these yearly fluctuations are those which occur over longer periods of 
time. Between 1915 and 1930 on the West Coast, injury was higher than 
normal, owing in part to the large bodies of overmature timber in the 
forest and in part to precipitation deficiency (Keen, 1952). Since 1937 
bark-beetle infestations have declined. According to Keen, this decline 
can be correlated with an upward trend of precipitation, but in part, at 
least, it is attributable to improved forest practices. Partial cuttings 
made in areas of high beetle risk have removed most of the hazardous 
trees. As a result, the amount of timber that is favorable for the beetles 
has been greatly reduced. This situation will be discussed further in a 
later chapter. 

In addition to the losses due to bark beetles in the West, some outbreaks 
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of other insects have been of such a character that tlie approximate losses 
can be estimated witli reasonable accuracy. A few of these are as follows: 

1. Spruce budworni in Quebec, 1910 to 1920, 200 million cords of 
balsam fir. 

2. Spruce budworm in Minnesota. 1913 to 1923. 20 million cords of 
balsam fir. 

3. Spruce budworm in New England, 1910 to 1920. 15 million cords of 
balsam fir. 



California. The peak infestation occurred during a period of extreme drought in - 
1932. The low infestation following 1940 was due in part to moisture conditions favorable 
for the trees and in part to the institution of sanitation-.salvage operations in ponderosa 
pine forests. 

4. Spnice budworm total, 1910 to 1925, 235 million cords of balsam 
fir.* 

5. Larch sawfly in Minnesota, 1910 to 1920, 1,000 million board feet of 
tamarack; in the entire range of eastern lar(!h, at least twenty times the 
preceding figure were destroyed in the same period. 

Between 1926 and 1945, the injury caused by the larch sawfly was 
negligible. Beginning in 1945, however, increasing defoliation by this 
insect once more occurred in Minnesota and parts of Canada. This 
expansion of the sawfl}' infestations can be directly correlated with the 
development of another crop of tamarack that replaced the trees killed 
between 1910 and 1920. This experience indicates that, other things 

' This does not include several recent outbreaks in Canada and the United States 
concerning which no data are available. It is probable that the loss for the 50 years 
prior to 1949 may be over 300 million cords. 
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ht'iiiK eciiial. the period l)et\veen sawfly oiithreaks will correspond with 
the time reriuired for advance reproduction to j;row to pole size. 

Likewise with the spruce budworrn. the period between outbreaks 
d('peiids upon the length of time recpiired to replace the trees (lestroyed 
and bring the forest to a comlition favorable for an outbreak. Thus the 
;ippro\imate annual loss will be tlie loss sustained during an outbreak 
divided by the number of years lietween the beginnings of outbreaks. 
On this liasis tlie annual loss caused by tlie sj)ruce budworrn to eastern 
balsam fir. assuming a period of oO years between outbreaks, is in the 
neighborhood of -4,700,000 cords, aiul that eau.sed by the larch .sawfly 
100.000.000 hoard feet. 

I'lven the foi'cgoing estimates, hasod as they are upon field obserx’ations, 
cannot be considered as very exa<-t. They must, of necessity, rest on a 
comparatively small rnirnher of ac4-urate measurements and a great deal 
of general observation, witli the result that the probable error is high. It 
must also be kept in mind that a considerable portion of the timber killed 
l)y both the spruce budworrn and the larch .sawHy was located in areas 


that were, and still are, inaccessible for logging. In many instance.":, by 

the time some of these forests are needed to supply our demands for this 

kind of timber a new crop of merchantable trees will have replaced those 

killed. As a matter of fact, after 35 to 40 years, many areas that were 

severely damaged by the budworrn between 1009 and 1015 were ro\ered 

with a thrifty forest. Thus, although the de.struction of timl)er by insects 

has been almost beyond human comprehension, the actual economic loss 

is somewhat less than it might at first appear to be. The destruction of 

this timber, therefore, was not nearly so serious a matter as will be similar 

outbreaks in the future when these formerly inaccessible areas are needed 

% 

to supply the demand for wood. 

From the above it becomes evident that the economic loss from out¬ 
breaks cannot always be expressed fairl 3 ' in terms of volume, because the 
actual monetary losses for the same volume vary in^’ersely with the dis¬ 
tance from the point of utilization. Protection of raw materials close to 
the point of utilization should, therefore, receive greater consideration 
than the protection of similar materials at a distance. 

The losses resulting from such outbreaks of insects as those cited above 
represent only a part of the total damage for which forest insects are 
responsible. There must be added the less conspicuous but nonetheless 
real damage caused by insects present in normal numbers. No satisfac¬ 
tory estimates of these losses have ever been made, but in the aggregate 
they undoubtedly amount to millions of board feet annually. But, 
although it cannot be measured accurately, the damage caused annually 
by forest insects probably exceeds 5 billion board feet. 
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The destruction of manufactured wood products by insects amounts to 
a very high total, but no definite data are available at present on which 
to base an estimate. Termites, especially in tropical and sul^tropical 
regions, are particularly injurious to unprotected wooden structures. 
Even in the temperate regions of this country, particvdarly along the 
Atlantic and Pacific coasts, termites are sufficientlv numerous to cause 

T V 

injury to wooden structures. Other insects, suoli as the powdcrpost 
beetles and the pole borer, attack and destroy .seasoned wood and finislied 
products, but the data available are insufficient to form the bases for sat¬ 
isfactory damage estimates. 

Incomplete and unsatisfactory as our statistics may be, they are, at 
least, sufficient to indicate that insects are an important economic factor 
in our forest industry and should receive a prominent place in our plans 
for the protection of forests and fore.st products. 

Scope and Subdivisions of Forest Entomology. The scope of forest 
entomology is surprisingly wide. It includes a great variety of subject 
matter leading to the better understanding of the biological phenomena 
of forest life. The ultimate aim of forest entomology is to make po.ssible 
the regulation, in the intere.st of man, of insect activities in forests and 
forest products. In the control of forest insects, the possibilities of using 
directly protective methods are limited because of the relatively high 
cost of such operations. Preventive rather than curative methods 
should be favored. This preventive entomology calls for a much more 
profound knowledge of both the insects and the forest environment than 
would be required if one could depend largely upon direct control. One 
of the first requisites for forest-insect work, therefore, is a sound basic 
knowledge of silvics and silviculture. Not until the forest entomologist 
knows trees is he in a position to apply his entomological knowledge to 


them. 

In addition, any one engaged in forest-insect work must know the 
insects. For this, he must be able not only to recognize the genus and 
species to which a specimen belongs, but also to understand its functions, 
its reactions to its environment, and its phj'sical limitations. Thus, all 
the major divisions of the science of entomology are needed in the solution 
of forest entomological problems. Taxonomy is needed in classifying 
insects and in indicating their relationships and origins. It not only aids 
the forester by providing names, but also, whenever a new forest entomo¬ 
logical problem presents itself, it may actually furnish the key to satis¬ 
factory control measures; for closely related insects can often be controlled 
by similar means. Thus the service of taxonomy may often prove invalu¬ 
able in sho\ving relationships of new to old pests. Studies in morphology, 
histology, and physiology of forest insects lead to a more complete knowl- 
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(m 1{£0 of tho iii?rc ts studied and aid directly or indirectly in the solution of 
lorost ontoiiiolojiical problems. (Miemical entomology, which includes 
■spraying, du.sting. and fumigating, has its place in the control of insect 
pests, espeeially in emergencies. Ecological studies, including life- 
history investigations, the elTect of climatic and other environmental 
factors u[)on forest in.sccts, and the interrelation of parasites and pred¬ 
atory sj)ccies with their hosts are all of fundamental importance. 

Obviotisly, no fenest entomologist can he expected to have the detailed 
knowledge of taxonomy that is expe<*ted of a specialist in the subject and 
at the same time l)e a specialist in morphology, histology, physiology, 
ecology, and chemical entomology. The field is too large to permit such 
a wide scope of endeavor. The forest entomologist is, however, expected 
to have a general knowledge of each of thc.se fields and to have a detailed 
knowledg<’ of sotn(* of them. 

W ith the a<lvent of DDT and several other remarkable insecticides, the 
possiltility of applying direct control to certain forest insects has been 
greatly inci(*ase<l. As a result, the emphasis in forest entomology has 
shifted toward ehemi<'al control. Forest entomologists in the I'nited 
States are, therefore, devoting much time to the supervision of control 
projects and to re.search in the field of insecticides. Receiving corre¬ 
spondingly less attention is work leading to the prevention of outbreak.^ 
by cultural practices. In Canada, on the other hand, biological and 
ecological investigations which will lead to more effective control through 
silviculture and the use of natural control forces are receiving special 
emphasis, w Idle less emphasis is being placed on direct control procedures. 
A proper balance between these two approaches to forest-insect control i.s 
important and must be made the concern of administrative officers 
entrusted with the management of forests. 

Doubtless the problems of forest-insect control will become more and 


more complex and will require the services of forest entomologists who 
have specialized in chemical control, insect pathology, ecology, physiology', 
and other specific fields. \Vhen such specialization comes to pass, let us 
hope that the workers will avoid the danger of overepecialization and will 
continue to maintain their grasp of the general field and thus keep a 
proper perspective of forest entomology' as a whole. 

Forest Entomological Literature, Every' worker must rely on the 
writings of othere for a foundation of information in any given line. The 
ability to locate all available literature on any subject and to use that 
literature efficiently is essential for best results. The library is one of the 
most important tools. In the field of forest entomology there is particu¬ 
lar need for training in the ways and means of locating information, 
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because the writings in this field arc so scattered that they are sometimes 
difficult to find and may easily be overlooked. 

Fortunately there are valuable aids available. Among them is a series 
of indexed bibliographies published by the U.S. Department of Agricul¬ 
ture and a series of indexes published by the American Association of 
Economic Entomologists. Volumes I to V of the indexed work entitled 
“Bibliographj' of the More Important Contributions to American 
Economic Entomology” were compiled by Samuel Ilenshaw. The first 
three ^’olumes were devoted to the writings of B. D. Walsh and C. V'. 
Riley, two men who were perhaps the most prolific writei's that entomology 
has ever known. Volumes IV and V cover the writings of other authors 
up to 1888. Volumes VI and VIII of this series were compiled by Natlmn 
Banks and cover the period from 1888 to 1905. The series was then dis¬ 
continued by the Department of Agriculture. The work was later taken 
up by the American Association of Economic Entomologists, and the 
index portion continued. The first volume of this index was compiled by 
Banks and covers the years 1905 to 1914, inclusive. Since then Vols. II 
to VI have appeared, compiled by Mabel Colcord, and Vols. VITT and IX 
compiled by Ina L. Hawes and edited by Stanley W. Bromley. Each 
of these covers a period of 5 years. 

These bibliographies and indexes provide a ready means of access to 
most of the important economic entomological literature of the United 
States and Canada, but they do not help where other literature is con¬ 
cerned. For this, one must go to other works, the most important of 
which is probably the Zoological Record. This record has been published 
annually since 1804 by the Zoological Society of London and aims to 
include all publications dealing with animals. A large part of each vol¬ 
ume is devoted to entomological literature. Periodical index numbers 
are published. For information previous to 1864, one may go to the 
‘‘Index Literaturae Entomologicae,” compiled by Hagen, Horn, and 
Schenkling. 

Owing to the fact that much forest entomological information has been 
published in forestry journals, trade journals, and other publications not 
ordinarily examined in the compilation of the bibliographical aids just 
mentioned, the forest entomologist should not neglect forestry literature 
or he may miss important contributions. This is particular!}^ true of 
European literature. No indexes in English of forestry literature com¬ 
parable to those of entomological literature have ever been published. 
This lack adds to the difficulty of bibliographical work. Beginning in 
1902, the Journal of Forestry and its predecessor, the Forestry Quarterly, 
published monthly lists of literature which provided a readily accessible 
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rt't'civix'c to many forest cntomolo«rieal articles not included in entomologi- 
(■:d l>il>liojiia|>liies and indexes, but in recent years these lists liavc been 
iliscont inned. 

I'hc indexes and records rnentiotjcd above aid the sturlent in his search 
into the past, but this is only a part ol his pr<d>iem. Often several years 
ina\ pass lietween the date of pul)lieation of an article and the pul)lieation 
of an index referring; thereto. Ihidf^inK this gap is no light tusk when one 
ron.'.i(iei‘> tli(‘ scores <jf p(“rio<lica!s. Inilletins. circulars, and book.s coming 
from tli(‘ press eaeli month that mtiy contain forest entomological informa¬ 
tion. l>ven though each worker had access to all the articles in the mass 
of literatur(‘. lie eouhl sear<-ely take the lime to examine each of tliem. 
.Vs a time saver and an aid to keeping in touch with recent progress, the 
reviewing and abstracting jierioilicals as.sist greatly. These publieations 
are usually only a few months behind the publication of original papers. 

One of the most important reviewing organs for the entomologist is the 
Review of Applied Entomohxjy, publishetl in London by the Commonwealth 
Institute of Entomology. This publication appears monthly and aims to 
review every article published in tlie field of economic entomology. It is 
world-wide in its scope and mi.s.ses very few publications of importance. 
In the United States, the Experiment Station Record, published by the 
U.S. Department of Agriculture, covers a large part of the American 
literature. Beginning in 1928. the quarterly, Forslliche Rundschau; der 
Zeitschrift fiir Weltforstwirtschnft, covered the forestry literature of the 
world, including forest entomological titles. 

Hioloyical Abstracts, published since January, 1920, has superseded 
most of the older abstracting agencies, because it covers the entire field of 
bioIog>'. By bringing together world-wide biological literature in this 
way, it greatly simplifies the problem of the individual worker in keeping 
abreast of the times. 

Convenient and useful as they may be in helping workers in the various 
fields to keep up with scientific progress, there lies a danger in the use of 
these abstracting periodicals: the danger that one may neglect to read 
original articles. It must be remembered that an abstract does not take 
the place of the original but serves only to indicate whether or not the 
original is of sufficient importance to be read. The student of entomology 
must be familiar with all the original sources that apply to the work at 
hand. 

Some of the sources in which one ordinarily expects to find the original 
publications dealing with American and Canadian forest entomology 
may be listed as follows; 

K U.S. Department of Agriculture: 

Department bulletins and circulars. 
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Bureau of Entomology and I’lant (Quarantine bulletins and circulars. 

Farmers' bulletins. 

Yearbooks and reports. 

2. State Pi’bi.ication.s: 

Experiment station bulletins, circulars, and reports. 

L’niversity btilletins ami memoirs. 

State entomologist publicjitions. 

3. Bulletins and Circulars, Division of Biology, Science Service, Canada. 

4. Periodicals: 

Journal of Economic Entomology. 

Journal of .Agricultural iicficarch. 

Journal of Forestry. (Forestry Quarterly and Proceedings of the Society of 
American Foresters.) 

Canadian Entomoloyist. 

Canadian Journal of liesearch. 

Ecology. 

Canadian Lumherman. 

American Lumberman. 

The Timberman. 

Proceedings of the Washington Entomological Society. 

Proceedings of the Entomological Society of Ontario. 

Forestry Chronicle. 



References to various of these and other pamphlets and periodicals 
will be found in the bibliography. 

In England, a considerable proportion of the forest entomological work 
is conducted by the Forestry Commission and is reported in its publica¬ 
tions. Other articles appear from time to time in such periodicals as the 
Journal of Ecology. Still other articles on entomology were published in 
the Indian Forester, and also in the official publications of the respective 
governments of Australia and South Mrica. In addition to publications 
printed in English, there are many periodicals in foreign languages, par¬ 
ticularly German and Swedish. Of these one of the most outstanding at 
the present time is the Zeitschrift fur angewatidle Entomologie. Almost all 
the European forestry and entomological publications print occasional 
papers on forest insects. 

Although the major portion of European forest entomological literature 
appears in the form of pamphlets and short articles, there are a number of 
important books on the subject. In America, however, forest entomo¬ 
logical books are few. In fact, there is no general comprehensive work 
comparable with some of those that may be cited from European coun¬ 
tries. About the only American books that deal with forest insects are: 


Packard, 1890. “Insects Injurious to Forest and Shade Trees.” Fifth Report of the 
Entomological Commission, U.S. Dept. Agr. 

Felt, 1905. “Insects Affecting Park and Woodland Trees.” Mein. 8, New York 
State Museum. 
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J c'lt, 1021. •' Miinual of Tree and Shrub Insects.” 

M.-vsit', 11*20. “Insects of U'estern Xorth America.” 

(.'liamb(‘rlin. 1031. “An Introduction to Forest Entomology.” 

Felt and Rankin, 1032. “ Inscct.s and Diseases of Ornamental Trees and Shrubs.” 

Herrick. 103">. “Insect ICt>cmie.s of Shade Trees.” 

Doaric. \'an Dyke, (’Ijaniberlin, :m<I Rurke, 1937. “P'orest Insects.” 

Keen. ll)r)2. “ InscM t lincmies of Western Forests.” U.S. Dept. Agr., Misc. Pub. 273. 

Ibnised. 

Craighead, 10.50. “Insect Eneinie.s of Eastern Forests.” U.S. Dept. Agr., MUc. 
Pnh. ()37. 


Tlicrc are .several excellent general texts. Among them are: 

('oni.^tock, 1030. “.\n Introrluction to Entomology.” 

Ross, 1018. “A Text Hook of Entomology.” 


Some of the outstanding English and European texts are: 

CjillatKlers, 1008. “Forest Entomology.” 

E.scherii'h, 1011, 1023, and 1031. “Dio Forstinsekten Mittcleuropns” (a revision of 
.luileieli and Xitsehe’s “Lehrbuch der Mitteleuropnischcn Forstinsektenkunde”). 
'IVagardh, 1011. “Sveriges Skogs Insekter.” 

Cecconi, 1022. “ .Manualo di Entomologia Forestale.” 

Ntls-'^lin-Rhuinbler, 1022. “ Forstinsektenkunde.” 

Barbey, 1025. “Traits d’entomologic forestidre.” 

C'hrystal, 1037. “Insects of British Woodlands.” 


Because forest entomological literature is so widely scattered in so 
many dilTerent publications, it is obvious that no local library can have 
on its shelves copies of all the entomological publications. Even in some 
of our best entomological libraries, it is often impossible to find every 
article on any one subject that may be pertinent. Fortunately, how¬ 
ever, most of the local libraries have the privilege of borrowing from other 
libraries, or, if the publications themselves cannot be loaned, photostatio 
copies of parts of articles or books can usually be obtained by one library 
from another. Many foreign publications and doctoral theses from 
various universities and colleges are now being made available on micro¬ 
film. References to microfilms may be found in most university and 
many public libraries. Consequently, if we have a definite reference, it 
is usually possil>le to see a certain publication even though the facilities 
of a certain library are limited. The first and most important bibliogra¬ 
phic aids are the indexes and the abstracting organs, such as those men¬ 
tioned. With these at our command, literature can be searched effec¬ 
tively , without them, one is helpless. Therefore, every library should 
bo equipped with at least these very necessary tools. 
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HISTORICAL REVIEW 

The science of forest entomology', like the science of forestry of which it 
is a part, is relatively young. It had its beginning during the first j)art of 
the nineteenth century. 

DEVELOPMENT IN EUROPE 

Inasmuch as Germany was the first country to develop forestry, it is 
natural that forest entomology should have had its inception there. As 
the value of trees became more and more appreciated and as methods of 
silvicultural practice were developed, the necessity of protecting the trees 
from the ravages of insects became increasingly important. 

Early Period. The outbreak of a forest pest was something with which 
the early foresters were unable to cope, and so they were forced to appeal 
to zoologists for help. As a result, a number of publications appeared 
that dealt with various individual forest-insect problems. For instance, 
one finds such treatises as that of Gmelin, “Abhandlung iiber die Wurm- 
trocknis,” published in 1773, and that of Ilcnnerl, “ld)er die Raupenfrass 
und Windbruch,'’ published in 1798. 

The purpose behind most of these early studies of forest insects was the 
development of methods by which a certain pest or the pests of a certain 
tree might be controlled. It is true that tliis end was seldom accomplished 
and that the chief contribution of these studies to science was either 
taxonomic or biologic in character. Sometimes, however, efTective meas¬ 
ures were suggested and applied. For instance, Linnaeus is said to have 
recommended that freshly cut logs be floated in water to pre\’ent injury 
by borers—a very effective method that is in use today. 

Previous to 1800, forest entomology, as such, did not exist. There were 
no specialists in this subject, and the studies of tree insects were conducted 
by men whose primary interest was in other lines. The first attempt to 
gather all available information concerning forest insects was that of 
Beckstein and Scharfenberg who published, in 1804 and 1805, two vol¬ 
umes entitled, “ Vollstandige Naturgeschichte der fiir den Wald schiid- 
lichen und niitzlichen Forstinsekten.” This work was a pretentious 
compendium of forest-insect information and for a period of 30 years was 
the only general work available on the subject. 

15 
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Natural-history Period. Then there appeared a monumental work 
which even today has never been surpassed in excellence and scope. This 
was Ratzebnrg’s “ Dio Forstinsekten.” Katzeburg, frequently called the 
father <^f forest entomology, was the first man to devote all his energies to 
that field. Ho li\ed in an age when specialization was the exception 
l ather 1 han the rule. Kven he attempted at first to cover forest pathology 
as w('l! as forest entomology, but he soon found that these t\\o subjects 
were too extensive to be handled effectively by any one man. His later 
work, tlierefore. was confined to the field of entomolog3'. 

'I'he first volume of “Die Forstinsekten” appeared in 1837, the second 
in 1810. and the third in 1844. He also published a handbook, “Die 
Waldverderbcr und ihr Feinde,” that summarized in more condensed 
form the material contained in “Die Forstinsekten.” The demand for 


this handbook was so great that by 1869 it appeared in a sixth edition. 
After Ratzebiirg’s death in 1871, this book continued to appear in new 
editions edited by his successors. In 1885 Judeich and Nitsche published 
a book which purported to be a revision of Ratzeburg’s work, in two vol¬ 
umes under the title “Lehrbuch der mitteleuropaischen Forstinsekten- 
kunde.” Still more recently, Escherich published a new edition, which 
is a masterpiece of its kind, under the title “ Die Forstinsekten Mitteleuro- 
pas.” Escherich added much new material and rewrote the older portion 
of the book, thus making a thoroughly modem presentation of the 
subject. 

Ratzeburg published numerous other articles and books throughout his 
life. One of his best-known works is his “ Ichneumoniden der Forstin¬ 
sekten,” published in three parts in 1844, 1848, and 1852. Ratzeburg 
dominated the period during which he lived. But although he stood head 
and shoulders above his contemporaries, there were other workers who 
made very valuable contributions to the science of forest entomology". 
.\mong them we find Kollar, Hartig, and Nordlinger in Germany, and 
Perris in France. An important contribution by Kollar has been trans¬ 
lated to English and is available under the title “Treatise on Insects 
Injurious to Gardens, Forests, and Farms.” Perris is credited with the 
first experimental studies in forest entomology. He cut trees at different 
seasons and studied the life history and habits of the various insects that 
attacked them. His greatest contribution was the “Histoire des insectes 
du pin maritime,” which appeared in ten parts between 1851 and 1870 in 
the Annals of the Entomological Society of France. 

Taxonomic Biological Period. Up to the time of Ratzeburg’s death, 
the chief emphasis in forest entomology was biological. These investiga¬ 
tions were often in the nature of general natural-history studies and were 
usually not based upon controlled experimental evidence. The work of 
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EichhofT ushered in a new era that made of forest entomology a more exact 
science than it had previously been, hy combining careful ))iologieal 
experiments and detailed taxonomic studies, he cleared up many miscon¬ 
ceived notions concerning the biology of bark beetles and set up a model 
for other investigators to follow. Hi.s outstanding contril)ution, entitled 
“EurOpaischen Borkenkafer,” was published in 1S81. 

During the later part of the nineteenth century there were, particu¬ 
larly in Germany, many workers who devoted a part or all of their time 
to the study of forest insects. Among them was Altum, at Eberswalde, 
who did much to stimulate investigation and discussion as a result of his 
proposed theories and hypotheses. Nitsche at tlie Forstakadeinie in 
Tharand, and Henschel at the Agricultural High School at Wien were 
both outstanding teachers and investigators. 

Modern Period. From the very beginning until the end of the nine¬ 
teenth century, European forest entomologists looked to Germany for 
leadership. This was the natural result of the tremendous amount of 
valuable pioneering work on fore.st insects produced by the entomologists 
of that country. Since the beginning of the twentieth century, however, 
a decided change has taken place until now, in the modern period, leaders 
in forest entomology instead of being centered in a single country are to 
be found throughout those parts of the Old World where forests are 
economically important. In Europe Escherich has perhaps exerted the 
greatest influence, and associated with him have been other capable forest 
entomologists too numerous to mention individually. Escherich’s influ¬ 
ence has been felt strongly through his editorship of the periodical Zeit- 
sckriflfiir angewandte Entomologic. Between the world wars the names of 
Rhumbler, Prell, Wellstein, Friedricks, Scharfenberg, Schadl, Franz, and 
many others were frequently cited. Trag&rdh and Buto\'itch in Sweden 
have made outstanding contributions, especially to the analysis of forest- 
insect infestations, in both individual trees and forest areas, and to the 
development of methods for estimating accurately the population of bark 
beetles in a given unit of forest. 

In still other countries forest entomological work is actively pursued as 
evidenced by the publications of Saalas in Finland, and Munro, Fisher, 
and Chrystal in England. 

In Europe, the science of forest entomology has passed through several 
more or less definite periods. The first was the natural-history period, 
characterized and dominated by the work of Ratzeburg. The second was 
the period of great taxonomic activity supplemented by experimental life- 
history studies. Eichhoff characterizes this stage which was really the 
epuRecting link between the first period and the third. In the third, or 
modem, period the great emphasis is placed on experimental biology. 


18 


FOREST ENTOMOLOGY 


DEVELOPMENT IN AMERICA* 

Durinp: Ratzoburg’s jjoriod of domination in Europe, an interest in tree 
insects was developing in America. Much of this work was prompted by 
an interest in ornamental trees. 

The Natural-history Period. The early contributions in America, like 
those in Europe, dealt largely with forest-insect biolog\' from the natural- 
history viewpoint. The.se early writings are both useful and interesting 
to us today, but unfortunately they are so scattered in various publica¬ 
tions that they are sometimes difficult to obtain. Most of this material, 
however, is referred to in the indexes already discussed. Many articles on 
tree insects are included in Harris’s “Treatise on Some of the Insects 
Injurious to \'egetation” (188G) and in Fitch's reports on “Noxious, 
Bene(i<’ial and Other In.sects of the State of New York” (1856 to 1870). 
d'ho reports and articles of Walsh, Riley, Lintner, Comstock, and Forbes 
also contain much information concerning forest insects. 

It was not until 1890 that the first compendium on American forest 
insects was published. At that time Packard brought together all the 
available material in the fifth report of the Entomological Commission of 
the U.S. Department of Agriculture entitled, “ Insects Injurious to Forest 
and Shade Trees.” This report contains a mass of valuable information 
concerning tree insects and is well illustrated by numerous plates and 
figures. Packard included ^•erbatim many of the important articles by 
other authors which were not easily accessible, thus adding materially to 
the value of his book for reference. His report was for years the only 
comprehensive work on American forest insects and still is an invaluable 
reference book. In 1905, Memoir 8 of the New York State Museum, a 
memoir by Felt entitled “Insects Affecting Park and Woodland Trees,” 
added some new information not included in Packard’s report, but its 
chief value was in its remarkably fine colored illustrations. 

Taxonomic and Biological Period. Then followed a period when 
taxonomic-biological studies predominated in forest entomological work. 
This period, though coming later, was similar in character to the Eichhoff 
period in Europe, the influence of which was evident upon American work 
of the early part of the present century. Hopkins in his bark-beetle 
studies added much to our knowledge of that group of insects both 

‘ Two important manuscripts have recently been prepared on the history of forest 
entomological work in the United States. The first, by H. E. Burke, summarizes the 
work of the Division of Forest Insects, under the leadership of A. D. Hopkins In 
this account he discusses not only the work but aUo the personalities involved. The 
second manuscript, by J, M. Miller, reports in detail on the western bark-beetle 
control projects from the earliest control efforts to 1949. 
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biologically and taxonomically. He was able, as was EiehholT. to dispel 
manj’ incorrect views previously lield concerning both the l)ark beetles 
and the bark weevils and to lay the foundation for modern control i)rac- 
tices. He also made especially notal)lo coiitril)ulions to tlie sul)ject of 
bioclimatology. Hopkins died in 19-18. 

Much of the work of both Swaine and Blackman belongs in liie tax¬ 
onomic-biological category, and some of the earlier work of C'raighead was 
along similar lines; later all three of tlicse men worke<l along the lines ot 
experimental biology. Swaine shitted his acti\’ities trom forest entomol- 
og.v and became director of re.search and then iiead ot Science Service, in 
the Department of .Agriculture of Canada. Since his retireiiuMit from 
that position, however, he has returned to the study of bark beetles. 

During the early periods in America, the empliasis was placed on shade- 
tree insects. Virgin forests were still supplying an abundance ot wood 
products, and the practice of forestry was practically unknown because it 
was unnecessary. The few methods of forest-insect control that were 
mentioned in the publications of that time were for the most part bor¬ 
rowed from continental Europe. This situation continued until recently. 
Today American forest entomology is developing independently, and 
methods of control are fitted to specific existing conditions. 

Modem Period. Forest entomology in Europe has from early times 
emphasized the practical aspects. This has been the direct result ol 
economic conditions in the densely populated Old World, where scarcity 
of wood has made the practice of forestry' mandatory. Furthermore, in 
Europe, forest entomological investigations have been centered in schools 
of forestry. In America, on the other hand, wood has been ab\mdant and, 
prior to 1915, owners of timberland paid little attention to insect damage. 
As a result, the insects have in the past been studied without considering 
seriously their ecological relations with the forest. Often these investiga¬ 
tions have been conducted by entomologists whose training has in no way 
been connected with forests or forestry. As a result, the development of 


practical control measures has sutTered. 

Recently, however, the viewpoint has changed until today there are 
many workers devoting their entire time to practical forest entomology. 
This change has paralleled the development of forestry in America. 
Modern forest entomologists are interested both in the insects themselves 
and in the forest, but their primary concern is the influence of the insects 


upon the forest. 

This modern point of view has resulted in the application of experimen¬ 
tal biological methods to forest entomological problems. Purely observa¬ 
tional methods of study have been largely abandoned, and taxonomy is no 
longer thought to be an end in itself but merely one of the useful tools of 
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CONTEMPORARY WORK IN AMERICA 

Students frequently ask where and by whom is forest entomological 
work being conducted. Because this information is not readily obtai - 
able from current literature, a brief statement is introduced here, recog¬ 
nizing of course, that the picture as it e.xists at present will soon change^ 

Division of Forest Insect Investigations By far the ^ 

forest entomological work in the United States is carried on by he D.v 

Sion of Forest Insect Investigations in f 

Plant Quarantine of the U.S. Department of Agriculture BeUeen 19^1 
and 19.50, this division was headed by Dr. F. C. Craighead; later suc¬ 
ceeded by Dr. ,1. M. Beal. In Craighead’s administration, great strid^ 
were made in developing methods of forest-insect control, many of which 
were made possible by the sound foundation laid during the P^-e^ng 
administration of the late Dr. A. D. Hopkins. Before his 
Uraighead, with the aid of other members of his organization, published a 

monumental book, “ Insect Enemies of Eastern Forests. 

The Division of Forest Insect Investigations serves, as do most ot the 
other divisions of the Bureau of Entomology and Plant Quarantine, the 
double function of service and research. The service consists of providing 
the latest information concerning forest insects for the U.S. Forest berv- 
ice the National Park Service, the Indian Service, the various state serv¬ 
ices, and private timberland oivners. It also provides specific advice to 
all other governmental agencies as to the necessity of conducting contro 
operations in specific cases, the approximate cost of such operations, the 
methods to be followed, and the technical supervision of the work. Ihe 
research activities consist primarilv of field and laboratory investigations. 
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the purpose of which is to obtain information tliat can he api>lie(l to prac¬ 
tical forest entomological problems. 

Most of the investigations and the services are conducted or made 
available at field laboratories located in the various forest regions, although 
at the Beltsville, Md., Research Center important fore.st entomological 
research is conducted by members of tlie Division. Space will not permit 
a full discussion of the personnel and detailed research program.s of the 
nine forest-insect laboratories, but each deserve.s brief mention. 

Eastern Forest-insect Laboratories. The laboratorv ser\'ing the 
Northeastern states is located at New Haven, Conn. This station for 
some time was concerned chiefly with investigations of insects injurious 
to young eastern white pine. Special attention has also been given to the 
study of parasites of forest insects and other defoliators, es|)ecially tlie 
spruce budworm. Still more recently, the ecology of the spruce budworm 
and the application of insecticides from the air have been studied inten¬ 
sively. Much of the pioneer work on para.sites and their u.se in forest- 
insect control was carried on at the famous, but now abandoned, Gypsy 
Moth Laboratory located at Melrose Highlands, Mass. Formerly a 
laboratory was maintained at Morristown, N.J., for the study of various 
ornamental-tree problems including the Dutch elm disease and the insect 
vectors associated therewith; but most of that work has been transferred 
to Columbus, Ohio, where special investigations are under way concerning 
the Dutch elm disease and phloem necrosis of elm. It was at the Colum¬ 
bus laboratory that R. C. Hall conducted his basic studies of the locust 
borer. 

The Southeast laboratory located at Asheville, N.C., has been closed 
temporarily. It was there that Craighead and his associates determined 
the important relationship existing between the southern pine beetle and 
the fungi that cause the blue staining of wood. They demonstrated that 
the fungus hastens the death of the trees attacked by the beetles by block¬ 
ing the conductive tissues. Important studies in tree medication were 
also made at this laboratory. 

The Southern states are served by a laboratory located at Gulfport, 
Miss. Work there has been concerned largely with wood-destroying 
insects. T. E. Snyder conducted much of his work on termites at the 
Southern Forest Insect Laboratory. 

The Lake states laboratory is located at Milwaukee, Wis. The work 
there has been concerned with a variety of insects; defoliators, root-eating 
scarabaeids, the hemlock borer, and insects injurious to coniferous forest 
plantations. 

Western Forest-insect Laboratories. A forest-insect laboratory is 
located at Fort Collins, Colo., in cooperation with Colorado A. & M. 
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CoIk'Sc. It scrveri the southern and central Rocky Mountains and the 
(iieal Plains. The workers at tliis laboratory have been concerned with 
insect troubles on the plantations established in the so-called Shelter Belt 
Zone where the sites are dry and the trees have been especially subject to 
insect damage. The study of bark beetles, especially the Black Hills 
beetle and the Engclmann spruce beetle, and .supervising the control of 
these insects have retpiired increasing attention. Studies have also been 
conducted on some defoliators of pine and on pine tipmoths. 


One of the oldest forest-insect field laboratories of the Bureau of Ento¬ 
mology and Plant Quarantine is located at Coeur d’Alene, Idaho, under 
the direction of J. C. Evenden since its establishment. The area covered 
by this station includes the northern Rocky Mountain Region in Mon¬ 
tana. Idaho, and parts of Wyoming and North Dakota. The work has 
been concerned especially with the mountain pine beetle in western white 
pine and lodgepolc pine and with certain defoliators. 

The Pacific Northwest is served by a forest-insect laboratory located at 


Portland. Ore. There, important studies have been conducted on the 
western pine beetle in ponderosa pine and the mountain pine beetle in 
sugar pine and lodgepole pine. While in charge of this laboratory, F. P. 
Keen (1943) developed his ponderosa pine tree classification used for the 
identification of trees that are susceptible or relatively resistant to bark- 
beetle attack. An interesting .series of investigations concerned with the 
causes of bark-beetle outbreaks and the deterioration rate of fire-killed 
timber, especially Douglas fir, have been conducted at this laboratory. 
Members of the Portland laboratory have also been active in the investi¬ 
gation and control of the spruce budworm on Douglas fir, the hemlock 
looper, and other defoliators. In 1949 more than 200,000 acres, and in 
1950 more than 400,000 acres, were sprayed for control of the spruce 
budworm. 

The oldest forest-insect field station in the West is at Berkeley, Calif. 
Since the retirement of J. M. Miller, F. P. Keen has been in charge of this 
station. Numerous important insects have been the subject of investiga¬ 
tion, including the lodgepole pine needle miner (Patterson, 1921), and 
the fir engraver beetle (Struble, 1937). Since about 1920, however, 
investigations have been concentrated on dendroctonus beetles, especially 
the western pine beetle, because of the tremendous losses they cause in 
mature stands of timber. For many years studies of the composition of 
insect populations in dying trees have also been conducted by members of 
the staff. These studies are leading to a better understanding of the 
relative importance of various insects as tree killers. 

All field stations of the Bureau of Entomology and Plant Quarantine 
cooperate with other governmental agencies such as the U.S. Forest 
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Service, the National Park Service, anti the Bureau of Plant Industry. 
Some of the stations are also closelv associated with universities with 
which they are conducting cooperative projects. This is true of the 
Berkeley station, which is located at the I'niversity of California, and the 
Lake states station, which is conducting consideral)le re.search in coopera¬ 
tion with the universities of Michigan and Minnesota. 

State-supported Forest-insect Research. Outside the Bureau of Ento¬ 
mology' and plant Quarantine, organized programs of forest entomological 
research are rare. Most of the projects are more or less sj)oradic in 
nature, except for studies of ornamental-tree pe.sts, which we shall not 
consider here. Only a few institutions have organized research programs, 
and a few states, as we shall see in the next chapter, conduct forest-insect 
surveys, designed to apprehend outbreaks at an early stage. 

At the University of California, the forest-in.sect studies, except for the 
cooperative projects with the Bureau of Entomology and Plant Quar¬ 
antine, consist primarily of taxonomic and biological investigations. At 
Oregon State College, the work of W. J. Chamberlin has been both taxo¬ 
nomic and biological in character. At the universities of Michigan and 
Minnesota, the forest-insect studies have been for the most part ecological 
in character. At Syracuse University, the forest entomological work, 
under M. W. Blackman and his successor, A. H. MacAndrews, has been 
both taxonomic and biological. 

At Connecticut Experiment Station, forest-insect studies have been 
conducted for many years by various workers. At present, R. B. Friend 
is actively carrying on investigations of forest insects, especially those 
concerned with second-growth timber and plantations. 

Several important forest-insect investigations have been conducted in 
the Harvard Forest by members of the staff and students. Much of this 
has been in cooperation with the Bureau of Entomology and Plant Quar¬ 
antine. H. B. Peirson, now state entomologist of Maine, conducted his 
studies of the white-pine weevil and the pales weevil in the Harvard 
Forest. 

This discussion of contemporary forest entomology in the United States 
is by no means complete, but it will provide a general idea of where some 
of the more important activities are conducted. Examination of litera¬ 
ture will add to the information presented here. 

Canadian Forest-insect Activities. In Canada the organization of 
forest-insect activities is very different from that in the United States. 
The biological, ecological, and control programs of the Dominion govern¬ 
ment are centered in the Unit of Forest Zoology of the Division of Forest 
Biology. Taxonomic studies of forest insects are carried on in the Divi¬ 
sion of Entomology, whereas the importation, propagation, and mass 
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lihonaioii of parasites and predators are functions of the Unit of Biological 
(’oiitrol organized at the Dominion Parasite Laboratory. Each of these 
units is a part of Science Service of the Dominion of Canada Department 

of Agri<adture. 

I'iie Unit of Forest Patholog>- is closely coordinated with the Unit of 
Forest Zoology in the Division of Forest Biology. Where practicable 
these two units occupy (juarters in the same buildings and operate under 
the same administrative control. The objectiv'e is to unify the work and 
avoid unnecessary duplication. 

Most of the provinces cooperate closely with the Dominion in forest- 
insect activities, although in a few instances they may conduct inde¬ 
pendent projects. Also the educational institutions may from time to 
time conduct forest-insect investigations; but by far the major portion of 
the forest entomological activities is conducted either by, or in coopera¬ 


tion with, the Dominion government. 

The work in Canada, as in the United States, is carried on at regional 
laboratories, one being located in each of the principal forest regions of the 
country. The laboratories are, of course, responsible to, and under the 
general direction of, the central office in Ottawa. Chief of the Division of 
Forest Biology and acting head of the Unit of Forest Zoology is J. J. de 
(Jryse, who has directed the forest-insect activities in Canada for man3' 


veal's. 

Each laboratory serves as the center of forest entomological work in its 
region, and each is a well-equipped and well-staffed center. Their pro¬ 
gram includes research, control, and survey projects. 

The oldest laboratory is located at Fredericton, New Brunswick. 
There it was that Tothill conducted his classical studies on the parasites 
of the spruce budworm and the fall webworm. His successors have con¬ 
tinued work on the budworm at the New Brunswick station and in addi¬ 
tion have contributed much to our knowledge of many other important 
species, among them the European spruce sawdly. In Ontario, at Sault 
Sainte Marie, the forest-insect laboratory is also concentrating much 
attention on the spruce-budworm problem^ Workers there are studying 
this and other defoliators from various angles, special emphasis being 
placed on the ecological approach, including the study of both physical 
and biotic factors. Since 1946, special attention has been directed 
toward the use of disease-causing microorganisms for the control of forest 
insects and a well-equipped laboratory for the study of insect pathology 
was opened in 1950in connection with the Ontarioforest-insect laboratory. 

The Division of Forest Biology maintains other major laboratories 
where important forest entomological work is conducted. These are 
located at Winnipeg, Man., Indian Head, Sask., Calgary, Alta., and 
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Victoria, B.C. Shade-tree insects receive special attention at Maple, Out. 
At several sublaboratories outstanding work lias been accomplished, two 
of the best known sublaboratories being at the Vernon, B.C.. in the west 
and at the Green River Experimental Management Area in New Bruns¬ 
wick. At Green River control of the spruce budworm by silvicultural 
means is being investigated. 


The work of each laboratory is concerned with problems currently 
important in their respective localities. In the central provinces the 
larch sawfly and forest tent caterpillar have demanded special attention, 
while in the far west dendroctonus beetles, the spruce budworm on 
Douglas fir, the hemlock looper, and certain sucking insects on conifers 
have been studied in considerable detail. There will be freciuent occasion 
to refer to the work of the various Canadian laboratories in later chapters. 

At the Dominion Parasite Laboratory in Bellville, Ontario, work is not 
limited to forest-insect problems. Jlowever, many parasites of forest 
insects have been studied there in the Unit of Biological C’ontrol, and a 
number of promising species have been released in places where their hosts 


are numerous. Several of these will be mentioned later. 


FEDERAL AID FOR FOREST-INSECT CONTROL 

The enactment of the Forest Pest Control Act by the U.S. Congress on 
June 25, 1947, marks an important milestone in the development of a 
nation-wide forest-insect control program. This legislation was the 
culmination of a series of acts beginning with the establishment of the 
U.S. Forest Service. To the Forest Service was delegated the responsi¬ 
bility for protecting federally controlled lands from fire, injurious insects, 
and disease. Since then the Federal responsibility for pest control has 
been broadened by each successive act of Congress. 

The need for Federal leadership and aid in forest-insect control has been 
due in part to the widespread character of many insect outbreaks (Pop- 
ham, 1950). Almost every important outbreak of forest insects in the 
United States has involved all types of land ownership: Federal, state, and 
private. Attempts at control by individual owners seemed futile unless 
control was applied also to other adjacent infested lands. The need for 
one coordinating agency to assume leadership seemed essential. 

1921 Deficiency Act. The first act to provide specifically for the con¬ 
trol of a native forest pest was the Deficiency Act of Dec. 15, 1921. It 
was aimed at the control of a bark-beetle outbreak in northern California 
and southern Oregon. It provided funds for the Secretary of Agriculture 
to “prevent further loss from beetle infestations on federally owned 
lands,” in the designated area. Further, it provided for cooperation of 
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Ilio Doparlment of Agriculture with the Indian Service. In regard to 
cooperation with state and private owners, it stipulated that 

no part of the appropriation, except necessary expenditures for preliminary 
investigations, shall he expended unless the States of Oregon and California, or 
the owners of pine tiinberlands adjacent to or intermingled with lands owned or 
administered hy the United States, sliall have satisfied the Secretary of Agricul¬ 
ture ttiat the insect infestations on said adjacent and intermingled lands will be 
aliatod. in accordance with state law or voluntarily hy owners of such lands. 


Federal Cooperation Acts. Even though the Deficiency Act was an 
apiiropriation act and not ba.sic law, it set the pattern for Federal aid to 
cooperative insect-control projects in which state, Federal, and private 
owners participated. This Federal-aid principle was established legally 
hy tlie C’lark-McXary Act of June 7, 1924, which was aimed at fire pro¬ 
tection rather than at pest control. It provided for the protection of 
lands in state and private ownership with Federal and state funds in equal 
amounts. Appropriation for research on forest insects and diseases was 
specifically authorized by the McNary-McSweeney Act of May 22, 1928. 
At that time, however, there was no recognition of Federal obligation to 
aid in the control of insect pests when federally owned lands were not 
involved. It was not until 10 years later that this responsibility was 
recognized. Then Congress enacted the Joint Resolution of Apr. 6, 1937. 

Incipient and Emergency Pest Control Act. The Joint Resolution of 
1937, usually called the “Incipient and Emergency Pest Control Act,” 
authorized the Secretary of Agriculture to control “. . . incipient and 
emergency outbreaks of insects and diseases.” Two million dollars was 
appropriated to the Bureau of Entomology and Plant Quarantine as a 
contingency fund for these purposes. This appropriation, unlike regular 
appropriations, could be carried over into the following fiscal year and 
remained available until spent. Authorization provided that, by sub- 
seipicnt appropriations, this fund be maintained at 2 million dollars, so 
that prompt action might be taken to control dangerous pests. This was 
a most important stop. 

The Joint Resolution as enacted in 1937 applied only to specific agri¬ 
cultural pests, but in 1938 it was reenacted and broadened. This 
reenactment provided authoritj" to the Secretary of Agriculture and 
directed him to apply methods of control to certain specific agricultural 
pests, and to “ ... all types of insects and diseases when they occur in 
emergency outbreaks or incipient infestations or infections.” Further¬ 
more, it required state cooperation. This was the first act to authorize 
the expenditure of Federal funds on private lands to control pests. 

Agriculture Organic Act. The Agriculture Organic Act in 1944 further 
defined the policy of cooperation and included provisions for cooperation 
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with foreign governments. This Act referred specifically to a stipulated 
list of pests, mostly agricultural. Only three forest pests were mentioned; 
the gypsy moth, the browntail moth, and the Dutcli elm disea.se. 'I'he 
appropriation act of the same year was specifically restrictive, however, 
and provided that funds for the removal of trees infected with Dutch elm 
disease could he spent only on federally ow ned property. This action was 
contradictory to the Organic Act passed by the same Congress. 

Ever since the Deficiency Act of 1921. there had been a strong trend in 
the direction of Federal participation in the control of both fire and pe.sts. 
Xevertheless, there was an obvious need for general legislation that would 
make more clear the Federal obligation.s in pest control. 

Forest Pest Control Act. On June 25, 1947. legislation was enacted 
that established a definite pest control policy. This was the Forest Pest 
Control Act. Appropriations for a number of continuing project.s w’ore 
immediately made. The Act provided that 


. . . it shall be the policy of the Government of the United States, independently 
and through cooperation with governments of states, territories, and possessions, 
and private timber owners to prevent, retaid, control, suj)press, or eradicate 
incipient, potential, or emergency outbreaks of destructive insects and diseases 
on, or threatening all forest land irrespective of ownership. 


The Secretary' of Agriculture is authorized either directly or in coopera¬ 
tion with other departments of the Federal government, or with states or 
private interests (1) to conduct surveys of any forest lands to detect and 
appraise forest insects or diseases, (2) to determine the measures to be 
applied on such lands for control, and (3) to plan, organize, direct, and 
carry out control measures, on state or private lands. 

Provision was made for cooperation with other Federal agencies and 
with states, to apply control on all lands, public or private. However, 
none of the funds appropriated under the Act could be expended on state 
or private lands “until such contributions toward the work as the Sec¬ 
retary may require have been made or agreed upon in the form of funds, 
services, materials, or otherwise.” Thus the Act provided for coopera¬ 
tive action but left to the discretion of the Secretary of Agriculture the 
kind and amount of any contribution that would be required of state and 
private owners. The trend toward Federal leadership and aid in forest- 
insect control is clear. As a matter of fact, under the Forest Pest Control 
Act the Secretary of Agriculture, if he considers it to be in the public 
interest, may require little or no contribution from the state or from 
owners of private lands. 

The Act is especially significant because it applies to all forest lands and 
to all insects and diseases and because it recognizes the necessity for early 
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<l('toction and appraisal of tlangorons insect conditions and provides foi 
the control of outl)roaks and the suppression of incipient and potentially 
cianjicrous situations. 

'I'lic cITcctivc administration of this Act should include, in every state 
wlicre forests arc an important resource, the establishment of (1) a detec¬ 
tion service which will (n) continually collect information on insect popu¬ 
lation trends, {h) bo ever alert for increases of potential pests, and (c) be 
prompt in reprirtins findings, and (2) a control organization, prepared to 
meet (*mergencv c(>ntrol rec|uirements and to aid forest operators in pro¬ 
tective pract ices. 

It is too early to know how the provisions of this law will be interpreted 
or how if will be administered. But the Bureau of Entomology and Plant 
(Quarantine has recognized the tremendous possibilities inherent in it and 
has created a new position for coordination of the various activities under 
this Al t. We may expect with increasing experience, that its interpre¬ 
tation and admini.stration will become uniform and predictable. 

No provision for research is included in this Act, but as a result of its 
application, research is bound to be stimulated. As the control program 
develops, the need for accurate information will become increasingly 
obvious—information about the pests themselves, their reactions to the 
trees on which they feed, and their reactions to each other. Only by a 
knowledge of the facts can better control practices be devised. The need 
for this knowledge will demonstrate the need for re.search. 

The leadership exerted by the Federal government should stimulate 
state activitie.s. As a matter of fact, the current policy of the Bureau of 
Entomology and Plant Quarantine appears to be directed more toward 
cooperation with state and private agencies than toward Federal domina¬ 
tion. i bus the 1‘orcst Pest Control Act may be counted on to stimulate 
tremendously the w'ork on forest insects, in both control and research. 

STATE RESPONSIBILITY FOR FOREST-INSECT CONTROL 

In most states there is some legal provision for the control by the state 

of in.scct pests that constitute a threat to the best interest of the public. 

Frequently statutes providing for this work supplement those providing 

for quarantines, embargoes, inspection, and certification. These laws 

and the control projects conducted under them are often administered by 

the state entomologist or other comparable official. In some states, how'- 

ever, special legislation provides for the control of forest insects by the 

state, under the administrative direction of the state forester Under 

such an arrangement, the control of forest insects is separated from the 

administration of regulations designed to check the spread of pests from 
one locality to another. 
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Oregon Forest Insect and Disease Act. Oregon is one of the states hi 
which forest-insect control is set up under the state forester. The Forest 
Insect and Disease Act of Oregon is considered a mode! law, and altliough 
others might serve equal!}' well, it is selected as an illustration. Tliis law 
declares that forest-insect pests and forest-tree disea.ses constitute a puldic- 
nuisance and orders every owner of timberlands to control, destroy, and 
eradicate them. It provides further that in case of failure, neglect, or 
inability to do this, the state forester shall, with the approval of the State 
Board of Forestry, declare an infestation-control district ami fix the 
boundaries within which the infested or threatened lands are situated. 

The state forester is then instructed, under the Act. to institute control 
measures within the control district. All monies a])propriated liy the 
state legislature, contributed by the Federal government, or received 
from any agency, corporation, or individual are deposited in the Forest 
Insect and Disease Control Fund and so made available for control 
activities. 

Under this Act, all control activitie.s, except those conducted inde¬ 
pendently by agencies, corporations, or individuals upon their own lands, 
must be administered by the state forester. The Federal Bureau of 
Entomology and Plant Quarantine, even though the Federal government 
is contributing to the projects, acts only in an advisory capacity. The 
final decision to apply or not to apply control measures, therefore, rests 
with the state. This is a logical responsibility for a state to assume, pro¬ 
vided, of course, that the state forester is guided by the best advice 
available from state and Federal forest entomologists. 

Problem of Mixed Ownership. Mixed landownership, usually charac¬ 
terizing areas involved in forest-insect outbreaks, presents some diflicull 
problems. With the adoption of the Forest Pest Control Act and state 
forest pest-control legislation, the problems are simplified. However, 
under- the laws of most states, although the state authorities may enter 
upon private property to abate a nuisance, legislation fails to provide for 
any assessment against private property for insect control. As a result, 
some owners who refuse to participate voluntarily receive free benefits. 
The trend now seems to be in the direction of levying assessments for 
control against all property benefited. 

In Oregon and other West Coast states, where the administrative 
responsibility is centered in the state, the lines of responsibility are simple 
and direct. The organization of the 1950 spruce-budworm control project 
in Oregon will serve as an illustration of this. In that project, 452,000 
acres of forest were sprayed, and five different bases were used. The 
following diagram, adapted from a report dated March, 1950, issued by 
the State Board of Forestry, shows the lines of responsibility. The four 
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hiolo^i^ts and the ttM-hnical director acted in an advisory capacity but 
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lender another situation, the administrative organization may be more 
scattered, with authority more divided between the various agencies con¬ 
cerned, and require more complex liaison and advisory arrangements. 
This sort of situation Ls illustrated by the organization of the Black Hills 
boetlc-control project of 1948. The following diagram is adapted from 
the report of the I'.S. Forest Service and the Bureau of Entomology and 
Plant Quarantine on the above-mentioned project. 


pPROJECT DIRECTOR 


I- 

BLACK HILLS 
NATIONAL 
FOREST 
SUPERVISOR 


HARNEY 

NATIONAL 

FOREST 

SUPERVISOR 

_J 


RANGERS 
AND FIRE 


r~‘ " ' 

ASSISTANT 
PROJECT 
DIRECTOR 
G«nerol 
ond sotety 


RANGERS 
AND FIRE 


WIND CAVE 
NATIONAL 
PARK 
SUPERIN¬ 
TENDENT 

I 

WIND CAVE 
NAT. PARK 
AND 

JEWEL CAVE 
NAT. MONT. 


"'r— 

BUREAU 

OF 

ENTOMOL 
AND 
P. 0 


SOU^H 

DAKOTA 

STATE 

FORESTER 


CUSTER 

STATE- 

PARK 


-1 

HOME 

STAKE 

MINING 

c^o. 


ADMINISTRATIVE- 

ASSISTANTS 

I 

warehouse 

MAN 


CAMP 
SUPERIN- 
SUP CREWS SUP CREWS TENOENTS 

f P -' I-^-r 


I 

I 

I 

I 

I 

I 

7' 

I 

I 

I 


-PROJECT 
MECHANIC 
(Equipment 
design e>c.) 


u. 

1 


CAMP 
SUPPLY 
“SPRAY 

MATERIALS 

ETC. 


MESS CON¬ 
TRACTORS 


CHIEF 

SPOTTING 

FOREMAN 


SPOTTING 
FOREMAN 
AND CREWS 


I 

CHIEF 

TREATING 

FOREMAN 


TREATING 
FOREMAN 
AND CREWS 


CAMP 

CLERKS 


CAMP 

MECHANIC 


— Adminisfrotive 
—-Lioson ond 

advisory 













HISTORICAL REVIEW 


31 


These two examples of project organization illustrate not only the 
diversity of arrangements that arc retniirod under tlie various state and 
Federal regulations but also the complexity of detail that must be con¬ 
sidered in setting up a project. It must be realized that each agency, 
corporation, or individual entering into a control project must know his 
obligations and responsibilities in advance. To that end. cooperative 
agreements between the \'arious parties concerned are absolutely nec'es- 
sary; without them, confusion and misunderstarnlings are inevitable. 
From this we can see how important it is that the legislative provisions 
for forest-insect control be as simple and flexible as possible. 



CHAPTER III 

DETECTION AND APPRAISAL 


1'hc adoption of the Forest Pest Control Act, with the general accept- 
an((' of the principles expressed or implied therein, has led to a marked 
iiM lease in detection and appraisal' activities. Our success in preventing 
and controlling outbreaks will depend to a great extent on preparedness. 
If we are forewarned of an impending outbreak, it can often be checked in 
the incipient stage, whereas if an outbreak develops without warning, it 
may reach proportions bej'ond any practicable possibility of control. 
There are numerous cases on record in which ea.sily obtainable informa¬ 
tion could have led to control measures and the prevention of major insect 
epidemics. In control of outbreaks, as in fire control, success depends, 
first of all, upon early detection. The reason for this is that an incipient 
condition can grow to serious proportions in only a season or two. 

The task of guarding 400 million acres of commercial forests is a monu¬ 
mental one. Obviously it would be impos.sible to employ enough forest 
entomologists to carry out such a luige job. There must be aid by many 
other men working in the forest who must be on the alert for the early 
detection of outbreak conditions. 

Realization that prompt detection is an essential preliminary to effec¬ 
tive control has led to the organization of systematic annual surveys to 
determine the population trends of potentiall 3 ' noxious forest insects. 
Some of these surveys have been organized and directed by local agencies 
such as state or provincial governments. Others are conducted by 
Federal agencies, the Bureau of Entomology' and Plant Quarantine in the 
United States, and the Division of Biology, Science Service, in 
Canada. Private agencies have seldom organized forest-insect detection 
under any formal administrative setup, but in numerous instances they 
have cooperated enthusiastically'^ and have become an effective part of 
surveys directed by governmental agencies. 

No matter what the administrative organization may be, the objectives 
of all forest-insect surveys are the same: the detection of outbreaks and 
the appraisal of both insect abundance and timber damage. 

1 The term “appraisal’’ is here used in the broad sense. It includes not only the 
evaluation of damage in terms of timber volume and monetary value, but also the 
evaluation of the fluctuations in abundance of forest insects from time to time and 
place to place. 
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Although the objectives have been practically the same in all surveys, 
the procedures have varied considerably. Some surveys use relatively 


untrained observers almost exclusively 
sonnel only; still others have used a 
combination of trained and untrained 
workers. Each of these methods has 
good points in its favor. With un¬ 
trained observers, extensive coverage 
can be obtained, but some inaccura- 


, whereas others use trained per- 



Fig. 7 . In making forest-inseot surveys 
the exit holes may 1)0 the means of 
itientif.N ing the type of in^oct infe^ting 
a tree. Above are shapes efiaracter- 
istic of some borer emergence holes. 


cies are inevitable. With trained ob- From U*ft. to riKht, rmm<lliea<Ie<l borer; 

m l I • I 1 - three flat headed borers, calcophora, 

be high, hut so „,ela„„phila. and agrilus; lu.d a M.ol.vtid, 

will costs; and in many cases it would 

be impossible to employ enough trained men for the job even if sufheient 
money' were available. Since in most (*ases both effectiveness and cost 
must be given consideration, a combination of trained and untrained 
will prove most satisfactory. 


SOME TYPICAL SURVEYS 

In the following sections a brief description is presented of a number 
of typical surveys. They illustrate how the various agencies have 
approached the problem of forest-in.sect detection. 

Insect-pest Survey, U.S. Department of Agriculture. A general insect- 
pest survey has been conducted since 1920 by the Bureau of Entomology 
and Plant Quarantine, U.S. Department of Agriculture. This survey 
has included reports on all noxious species, among them forest pests. 
Monthly and annual reports have been published regularly, and from 
time to time special articles on insects of current interest have been pre¬ 
pared and distributed. Information for these reports comes from coop¬ 
erators who send in statements of conditions in their localities each month. 
Most of these men are trained entomologists in the employ of the various 
states or the Federal government. 

The various reports published by the survey provide a general picture 
concerning the annual abundance of important agricultural and forest 
pests. Usually the reports on forest insects are made only when out¬ 
breaks prevail and, therefore, they come too late for the initiation of pre¬ 
ventive control measures. 

Division of Forest Insect Investigations Surveys. The detection of 
incipient outbreaks requires much more complete information than is 
provided by the insect-pest survey discussed in the preceding section. 
Therefore at the several field laboratories of the Division of Forest Insect 
Investigations, more detailed information is collected on various impor- 
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taut forest insects. Much of this information never finds its way into 
print lint is used oidv to guide local insect-control activities. 

'I'he stirvey work of the laboratories is conducted in very close coopera¬ 
tion with tlie r.S. Forest v'^orvice. the Indian Service, and the National 
Park Service. Also, where the opp<.rttinity exist.s, there is cooperation 
with various state and private agencies. In this way unnecessary dupli¬ 
cation is avoided and coordinated plans are made for detection and later 


for cont rol. 

rnfoitunatoly in some states little interest is shown by either the state 
agencies or private industry in eooperativo forest-insect detection, 
rnder such eireumstauecs the laboratories concentrate their surveys and 
services upon federally owned land. Furthermore, limited resources 
often eomiiel the laboratories to curtail their services to the states at a 
point below a desirable level. Limited resources also require that the 
surveys bo restricted for the most part to those pests that seem most 
likely to become injurious and that can be easily controlled. Thus, 
instead of following the rise and fall of all potentially harmful species, 
the surveys in ea<‘h laboratory become specialized. The ideal coverage 
should include all species that are potentially dangerous and all lands that 
are heavily forested. 

Canadian Forest Insect Survey. Far more detailed and comprehensive 
than any survey thus far developed in the United States is the Forest 
Insect Survey of Canada, made by the Division of Forest Biologj', 
Science Service, Canada Department of Agriculture (de Gryse, 1938). 
Its keynote is cooperation, and most of the reports come from relatively 
untrained observers. Each cooperator, however, is carefully instructed 
in how to make and report observations, and each is provided with mailing 
containers and other supplies to facilitate collecting and shipping mate¬ 
rials to the central laboratory in Ottawa, or to the nearest field laboratory. 

The Canadian survey is all-inclusive as it attempts to obtain informa¬ 
tion on every species of forest insect that can be collected. Cooperators, 
usually employees of a forest industry, are scattered throughout Canada. 
As a result, their collections are representative of every forest condition. 
When the collections are received at the laboratories, the insects are 
counted, reared, and identified. Records are then published showing 
population trends and the proportion of the various stages that have been 
attacked by parasites or are diseased. Thus the collective activities of 
all cooperators provide information not only on pests that are known to 
be important but also on many other species. 

Forest-insect rangers attached to each laboratory give instruction to 
cooperatore and make intensive examinations of locations where infesta¬ 
tion of important forest insects occur. A bimonthly report is published 
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and distributed to all cooperators. At the end of each season a non¬ 
technical report on forest insects i.s i.ssued for general distribution. As a 
result of this survey, very complete information is obtained concerning 
the distribution and abundance of forest-insect pests in Canada. 

State Forest-insect Surveys. Forest-insect surveys are conducted by 

a number of states. The State of Maine conducts a survev of forest 

% 

insects using cooperators to make ob.servations and collect .specimens. 
This survey is patterned somewhat after the Canadian plan. Specimens 
are sent to the office of the state entomologist, where they are identified 
and the records tabulated. Annual reports indicating increase or decrease 
in the abundance of important forest insects are published. 

Similarly, Wisconsin has undertaken a forest-insect survey through the 
office of the state entomologist in cooperation with the State Department 
of Conservation and the Universitj' of Wisconsin. This survey, as in the 
case of Maine, depends chiefly upon the aid of cooperators to collect infor¬ 
mation, and an attempt is made to gather data on all forest in.sects. 
Likewise in Minnesota a survey is conducted through the Agricultural 
Experiment Station using cooperators. In California, Oregon, and 
several other Western states, the states conduct surveys in close coopera¬ 
tion with the several forest-insect laboratories of the Bureau of Entomol¬ 
ogy" and Plant Quarantine. 

In Michigan, a forest-pest detection program is conducted by the 
Division of Forestry of the Michigan Department of Conservation. This 
survey illustrates a specialized type that has been developed throiigh 
independent initiative of the state, but in close cooperation with the 
Federal regional laboratory. No attempt is made to observe all poten¬ 
tially injurious pests. Only certain critical species that may be expected 
to cause damage under existing conditions are reported on systematically. 
Others when they appear in abundance may, however, be reported 
incidentally. The program is built into the state forestry organization 
with its 28 districts, each in charge of a technical forester. These foresters 
observe the relative abundance of critical species in their respective dis¬ 
tricts. For each species on the critical list, every district forester 
examines annually and reports on 10 sample areas in his district. To 
secure reliability of observations, each forester attends a training program 
where he is taught to recognize all the critical species. In addition to the 
regular reports on the critical species, each man is instructed to report on 
any pest not on the critical list, if an unusual increase in numbers is 
observed. Also he is instructed to send specimens for identification to 
the central office whenever there is any doubt of the identity of any 
species. 

In all these state surveys, the detection activities cover all forest lands 
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rofiartlloss of o\\ ncr.sliip. However, the coverage of areas in state forests 
and parks is sometimes more complete than is the case on private lands. 
With increasing services by state employees on private lands and \s'ith 
increasing cooperation of private operators, more and more complete 
coverage will result. 

DESIRABLE SURVEY PRACTICES 

Each of the surveys discussed in the preceding sections possesses both 
good and bad feattires; the ideal procedure has still to be devised. There 
are, however, certain desirable practices that might well be incorporated 
into any survey. 

Cooperation of Agencies. The trend in the direction of cooperative 
programs is certainly desirable. By cooperation, the number of men 
watching forest-insect activities is multiplied many times. The effective 
use of cooperators, however, depends upon their ability to observe accur¬ 
ately and to report in a manner that will permit correct interpretation. 
Reports based only upon impre.s.sions of untrained men, or even trained 
men for that matter, are usually so inadequate that reexamination is 
nece.«jsary before conclusions may safely be drawn. 

Training of Personnel. One of the preliminary essentials for successful 
•survey work, therefore, is an adequate training program for workers. 
This training cannot be expected to enable the average man to recognize 
all p«Jtentially dangerous pests, but it can teach him to recognize those 
species that he is most likely to encounter and to report on them in a 
standard manner. A printed description of the important insects and 
their work should be furnished each observer. Information should also 
be provided to him on such matters as how, when, and where to look for 
evidence of each important species. To encourage the making of observa¬ 
tions at the proper time, workers should be sent various memoranda dur¬ 
ing the course of the season, advising appropriate action. 

Observers, who have had the benefit of such a training program, are 
equipped to make reports that can be valuable and trustworthy. Their 
data will be reasonably accurate and inclusive. Inadequacy of data, due 
to the deficiencies in their knowledge of insects in general, can be remedied 
to a large extent if they are taught how to invoke expert aid when it is 
needed. After a proper training course, an observer who finds an 
unknown insect in large numbers will send not only specimens of the 
insect and its work to a central laboratory, but also a report describing 
the abundance of the insect and the characteristics of the locale. 

Standard Reporting Procedure. The training of workers to become 
effective observers would be of little value if they were not trained also in 
the proper reporting of their observations. Ideally, reports should con- 



DETECT 10.\ AM) AEI'UMSAL 


37 


tain sufficient information al)oul tlic conditions of site and type to permit 
correct interpretation b}’ forest entomolojii.sts without the necessity of 
their making many field examinations. This type of ade(piato reporting 
based on careful observation could easily consume more time than the 


observers have at their disposal. To 

conserve time and to produce uni- 

form reporting. 

the use of well-planned report forms is 

highly desiral)lo. 

Table II. Mkhiga.x Forest Pest Dktectio.n Proc.ram—Ohseiivatios Rki'okt 

Pest_ 

, (Write ID name if known) 


Col. 3-4. Dav 

Col. 12-13. Di>tri<'l 

Col. 22. Ownership 

Coh 2,3. Origin 

Col. 5-6. Month 

Col. 14-15. Town_N S 

_l. Federal 

_]. Seed 

Col. 7-8. Year 

Col. 16-17- Range. F W 

_2. State 

—2. Sprout 

Col. 9-10-11. Sample 

CnI. 18-19 Seefirm 

_3. Coun. or Sch. 

_3. Pluntution 

Aren No 

Col. 20-21. Fortx 

_4. Private 


Col. 2A. Fire Record 

Col. 25. Cutting Record 

Col. 26. Windfall 

Col. 27. Grazing 

_1. Unburned 

_1. None within 5 yr. 

_1. N^irnial <ir none 

Ht'conI 

_2. Current yr. 

_2. Clearcut 

— ^ Current yr. 

_1. None 

_3. Previous yr. 

_3. Partial cut 

_3. Pfeviou*i yr. 

_2. Currently 

_4. Pajit 2-5 yr. 

_4. Thinncii within 1 yr. 

—4. Ptist 2“ o vr. 

^^3. Pa>t 2-0 yr. 

_5. Older 

_5, Pruned 5 yr. 

_5. Ohler 

_4. Older 

Col. 28. Soil Groups 

Tree Species Proent in 

Col. 3*J. % Ground 

Col. 40. % Ground 

_1. Porous 

Order of Imi>ortance 

.Area Shaded 

Ctivered by 

- 2. Non porous 



Overstory 

_3. Rock outcrop 

Col. 29-30. A 

_1. 1-20 

_1. 1-20 

_4. Stagnant bog 

Col. 31-32. B 

_2, 21-40 

_2. 21-40 

_5. Stagnant marsh 

Col. 33-34. C 

_3. 41-60 

_3. 41 60 

_6. Seepage 

Col. 35-30. D 

_4. 61-80 

_4 61-80 

_7. Flood plain 

Col. 37-38. E_ 

_o. 81-100 

_5 81-100 

Col. 41. Attack 




Record 

Host or Hosts 



_1. Storied this yr. 

under Attack 

Col. 52, Attacked Trees Average Si 2 C 

_2. Started last yr. 

Col. 42-43. A _ 



_3. Started earlier 

Col. 44-45. B 

_1. Under 2 ft. 

_5. 6-12 in. (liiim. 

«_4. Old attack evi* 

Col. 40-47. C 

_2, 2 -6 ft. 

_6. 12-18 in. '• 

dent, none now 

Col. 48-49. D 

_3. 0-15 ft. 

_7. 18-21 in. 

—5. None endent 

Col. 50-51. E 

_4. 15-30 ft. 

_8. Over 24 in." 

Col. 53. % Alternate 

Col. 54. Host Health 

Col. 55. Stand 

Col. 50. Tc Sn.'irep- 

Host Attacked 

CioAses 

Composed of 

tible Trev.-* .\ttarkvd 

—1. 1-10 

_1. Good 

Host Species 

_1. O-I 

_2. 11-20 

_2. Medium (dead twigs. 

_1. 1-20 

—2. 2-10 

_3. 21-40 

foliage faded) 

_2. 21-40 

_3. 11-20 

_4. 41-00 

—3, Poor (dead branches, 

_3. 41-60 

_4. 21-40 

_5. 61-80 

leaves small) 

_4. 61-80 

_5. 41-00 

_6. 81-100 

_4. Dying 

_5. 81-100 

_0. 61-80 


_5. Dead 


_7. 81-100 


Col. 57. StAge of Pest 


— Em 

Larva or nymph 

_3. Pupa 

_4. Adult 


Col. 58. 
Bark Beetles 


Degree of Attack 

Defoliation or 


_I. One attack persq. ft. 

_2. Two attacks. 

_3. Three ** 

_4. Four ** ** 

_5. Five or more** ** 


Tcririinal Injury 



1-20 n 
21-40% 
41-60% 
01-80 % 
81-100 % 


Number of 
Stem Cankers 
_1. One 
_2. Two 
_3. Three 

_4. Four 

_5. Five or more 


CoL 59. Similar 
Stands in Area 
— 1. Predominaot 
^^4 Frequent 

_3. Scattered 

_4. Scarce 


Col. 60. Abundance of 
Pest in Similar Stands 

_1. None 

_2. Same 

_3. Lighter 

_4. Heavier 


Cols. 75-70-77. Species of Pest (to be entered by 
Entomologist after precise identiScatioo) 


Observer_ 

(Make sketch map on back of sheet to show* 
local distribution if this can be determined. 
Also indicate under remarks any information 
which wtII give a more complete picture of the 
situation.) 
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Tlio observation report form used in the Mieliigan Forest Pest Detec 
tion Program will serve as an illustration (Table II). This form is 
arranged m sneh a way that, after editing, the ,lata can be Punched on 
;.,bnlatinv cards for mochanii-al aiial.vsis. To facilitate punching the 
,.;,l„n‘iii ami line numbers are indicated on the form. The chief advam 
taees of this sort of form are: (1) Very little writing is necessaiy in the 
(leM, since most of the information is indicated by a check in the “PP''°P"- 
ate space The form can be tilled out in less than n minutc.s. (2) hu 
l ient detailed information is given about existing conditions so that fairly 
accurate interpretation can he made without further field inspections. 

EXTENSIVE SURVEYS FOR DETECTION 

rho <^urveys descrihod so far liave one chief object in common: the 
detection of'in.-ipient outbreaks witli the aim of preventing them from 
liecomin'^ disastrous. Detection of possible beginnings is a prime requi¬ 
site Tlie first type of survey will, therefore, bo extensive m nature and 
will"stress detection, leaving until later the job of careful evaluation and 
appraisal. Extensive snrvey.s have been conducted in various ways, but 
at juesent they arc most frequently made either from the air or, where 

terrain permits, from lookout points. 

Aerial Surveys. The use of aircraft is becoming increasingly popular 
for extensive surveys. Outbreaks of various kinds can be easily detected 
from the air .since excessive insect activity produces effects that are 
plainly discernible, such as defoliation or change of foliage color. An 
example of this is the yellow or reddish hue that characterizes coniferous 
trees attacked by most bark beetles. Survey by airplane for detection 
purposes is both rapid and effective over wide areas of forest. 

The usual procedure is for one or sometimes two observers to ride with 
the pilot so that during the flight the infested area can be spotted accur¬ 
ately on a map or aerial photographs, and the nature and extent of the 
infestation recorded. The height at which the plane Hies is determined 
by the character of the infestation and the ease with which it can be 

discerned. 

Flights must be carefully timed to correspond to the period in which 
injury is the most conspicuous. Since some insects produce greatest 
injury only in the early spring, others in midsummer, and still others in 
the fall, flights must be made at different times of the year. Because of 
this seasonal nature of conspicuous injury, the observations during any 
flight are usually aimed at a single species of insect. This simplifies the 
problems for both pilot and observers since it limits the examination to 
types highly susceptible to one specific insect. For instance, a survey for 
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larch sawfly would be made in July and would concentrale on stands of 
pole-size or larger tamarack. For the detection of the pine form of the 
spruce budworm, flights would be made during .luly o\ei‘ mature or 
orchard-type jack pine; for the fir-spruce form of the same insect, flights 
would be concentrated over stands of predominately mature balsam fir. 
Flights in late June over aspen stands would disclose the pre.'^ence of 
forest tent caterpillars. Bark-beetle outl)reaks are most conspicuous in 
late summer and fall, but evidence of their presence can be discerneil at 
any season. 

Improvements are being made contintially in aerial survey procedures 
through the better timing of examinations, greater accuracy in obser\'a- 
tions, the use of photographic recording equipment, and improved flying 
techniques. In spite of all pos.sible future improvements, it is unlikely 
that sufficient detail can be secured by air survey to serve as a basis for 
the detailed planning of most control projects. Follow-up e.xaminations 
from the ground will, therefore, be nccessaiy in mo.st cases. 

Surveys from Lookouts. In some mountainous regions it is possible to 
view large areas of forest from elevated points. When such lookouts are 
readily accessible, they make possible extensive surveys of insect injurj^ 
at very low cost. From the combined observations made from a number 
of lookouts, reasonably good coverage of an area may often be obtained. 
Observations from lookouts are made with field glasses, infested areas are 
spotted on a map, and notes are made concerning the intensity of the 
infestation. The results are comparable to tho.se obtained from the 
aerial survey. Annual observations indicate whether spot infestations 
are increasing or decreasing, and show whether or not intensive appraisal 
should be made. 

Reconnaisance Surveys by Trained Personnel. Extensive observa¬ 
tions are regularly made by trained personnel whenever such men travel 
from place to place. In the course of a season, these incidental observa¬ 
tions by various observers may cover much of a locality. The combined 
reports of all trained men in a region will provide information on the more 
conspicuous species present, and over a series of years will indicate trends. 

Roadside Reconnaisance Plots. The general reconnaisance becomes 
more specific when observations are made on a series of definite plots or 
areas within easy sight of a road. Conspicuous evidence of insect injury 
may be observed on these areas from the road, thus rapid coverage of 
extensive areas is obtained. Roadside observations are open to criticism 
because they are not always representative of conditions throughout a 
locality. Nevertheless they are useful extensive indicators of conditions. 
Through an examination of the same plots year after year, trends become 
evident. 
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INTENSIVE SURVEYS FOR APPRAISAL 

Appraisal of Damage. Whenever an extensive survey of a forest area 
iiuiicutes a marked increase in insect population, detailed examinations 
of an intensive nature should immediately follow. These are best carried 
on by ground surveys. The specific object may vary in different surveys, 
but in general it is one of evaluation and appraisal of conditions with the 

damage done to the trees as the criterion. 

'I'he methods u.'^cd in such intensive surveys are usually patterned along 
lines similar to those used in timber cruising. This is natural since the 
objective is to determine the volume of timber, the number of trees, the 
acreage, and the value of the materials involved. On the basis of this 



Moy Jurte July Aug. Sept. Oct. Nov. 

Flo. 8. Appraisal of seasonal damaRO mwst usually be started before tlie insects complete 
their activity for the season. This figure illustrates how the proportion of total seasonal 
<iaiiiugc olwervable on a certain date may vary with tree species and elevation. {Adapttd 
from Bureau of Entomology and Flant Quarantine.) 


information, control measures will be planned and the cost estimated. 
On small areas, a 100 per cent cruise of damage is often made. If the 
infested areas are large, estimates are made by the use of either strips or 
.sample plots. Damage on these sample areas is measured accurately, 
and the total damage to the entire area is assumed to be in the same pro¬ 
portion. The percentage of an area that must be examined in order to 
give an accurate average will v'ary with the degree of homogeneity charac¬ 
terizing the forest and with the size of the area involved. Ordinarily 
from 2.5 to 5 per cent of the total area is included within the strips or 
plots. 

In the use of either strips or plots, care must be taken to obtain repre¬ 
sentative samples of existing conditions. When strips are used, they are 
often run at J4-inile intervals and are usually 1 or 2 chains in width. 
Sample plots are laid out at regular intervals along a compass line, the 
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size of the plot varying from one jol) to anotlier, depending upon tlie size 
of the tiees and the density of the stand. In pole-size timber, for instance. 
ViQ acre is a common size, whereas in saw timber acre or even larger 
plots are advisable. If the samples are truly representative, they can 
serve as a basis for sound calculation of tlie total damage. 

Appraisal of Insect Numbers. Ground examinations, although most 
often used to determine degree of damage, are frequently used to appraise 
insect numbers. Such appraisal, repeated year after year, will show- 
population trends and indicate when dangerous situations are developing. 
Intelligent e\'aluation ol conditions demands information concerning not 
only the numbers of the noxious insects, but also the organisms that are 
associated wdth them. For instance, data may be needed on the activ- 



I-io. 9. Increment cores are often used to determine the condition of tree thrift. They 
permit measurement of radial increment without felling the tree. Increment borer with 
extractor, and core from a hemlock tree. The arrow indicates the ring laid down in 1895» 
one year after cutting of the virgin white pine that had previously suppressed the hemlock. 

ities of predatory or parasitic insect species or the effects exercised by 
birds or other vertebrate predators. Information of this sort must be 
obtained on a quantitative basis by sampling procedures similar to those 
used in the appraisal of damage. If reliable figures are to be obtained, 
sample areas must be chosen with care and include a large enough area, 
and the same or similar areas must be used year after year. 

Quantitative Appraisal Data. Quantitative survey data may be 
expressed in one of tw'o w'ays: (1) They can indicate absolute quantities 
for an area, for instance, so many trees or so many board feet of timber 
per acre. (2) Thej*- may indicate relative quantities, for instance, the 
ratio of entrance and emergence holes, the percentage of defoliation, the 
percentage of parasitism, or the proportion of larvae destroyed by a spray¬ 
ing operation. The relative quantities may make no reference to areas, 
or they may refer to a restricted or selected area that may or may not 
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■ oprosct tl>o forest type as a whole. When these relative observations 
.,re nia.le tlirou^iii a season or from .season to season, they shov\ trends but 
(■:innot l.e n.se.l to show tlic absolute number of insects present or the 

abscilute amount of fohajje destroyed. 

In tlie evaluationof damaj'e for computing control costs, accurate hgui^s 

are essential. 'riu*se figures, as we have seen, are usually obtaii^d by 
taking samples according to a systematic pattern. When a sufficient 
number of samples have beeii taken, the addition of more samples will not 
change fh(‘ average, 'khus, with an adequate number of systematically 
arranged samples, it may be assumed safely that the results will apply to 
the entire area in the same proportion. 








Fig. 10. Increment cores mustniting three types of reduced radial growth. A wider- 
tlian-noriii:*l fine is (iften down in the lower part of the bole during the first year of 
very .severe <U*f<iliati<in when trunsloeation of food is disturbed, as illustrated in (fl). The 
cfTcit of iiufav<ira»)lo weather illustrated in (t>). where the effects are limited to the years 
duriiiK wliieh the utifavorahio cotxlitions prevail. Suppression resulting from root and 
crown competition is illustrated by (c). The reduction of growth from year to year U 
grudiml, but recovery rcciuircs only a few years. Ability to recognize various increment 
patterns is often of value to the forest entomologist. 

In the ai)praisal of insect numbers, it is seldom possible to state the 
actual number of insects present on a piece of forest land. In fact, 
absolute numbers are not usually necessary. This is indeed fortunate 
because the cost of obtaining population information in absolute numbers 
would often be prohibitively high. 

There are, however, a fe^v control measures that demand more definite 
information on population than can be expressed by a relative quantity. 
For example, in Europe one of the methods used to control bark beetles is 
by trap trees or logs. These freshly cut materials are more attractive to 
bark beetles than living trees and, therefore, are attacked first. After 
they are infested, the brood in them is destroyed. To use these devices 
effectively, the approximate number of bark beetles in an area must be 
known so that enough, but not too many, trap trees may be prepared 
(Tragd.rdh and Butovitch, 1938). 
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Similarly in liberating parasites or predatory insects for the immediate 
suppression of noxious insects, the number to be released can be calcu¬ 
lated accurateh' only if the population is known. As forest-insect control 
practices become more and more intensive, tlie need for absolute popula¬ 
tion data will doubtless increase. Under current conditions in America, 
however, we are not justified in directing a great deal of effort toward 
this end. 

DEVICES FOR MAKING POPULATION APPRAISAL 

By Using Evidences of Injury. Since injury is in direct proportion to 
population, it is possible to express population trends in terms of injury. 
There are numerous e.xamples that illustrate how these methods can be 
used to indicate the abundance of some forest insects. For instance, the 
rate of bark-beetle increase .or decrease may be determined by comparing 
the number of entrance tunnels with the number of emergences, the latter 
being indicated by emergence holes or empty pupal cells. The abundance 
of a defoliator may be determined relatively by the percentage of defolia¬ 
tion. The numbers of sucking insects, such as the Saratoga spittlebug or 
some scale insects on pine, may be indicated by the number of “flags,” 
that is, twigs on which the needles have turned red. 

The method that expresses populations in relative terms based upon 
injury is quite satisfactory when the insects are present in large numbers. 
During periods between outbreaks when little or no damage is evident, 
this method cannot be used. Since it may be desirable to know when a 
population increase is starting, more intensive means must be used to 
determine the abundance of insects. Usually a trained forest entomolo¬ 
gist will be required to do this, and the method must be adapted to the 
specific insect or group of insects. 

By Trapping Insects. Adult insects are often attracted by lights or 
odors and so can be captured by traps and counted. Several of these 
trapping devices are mentioned in Chap. YU. As a mean.s of estimating 
the abundance of species that are attracted to them, traps are a valuable 
aid. 

With traps it has been possible, for instance, to detect the spread of 
some foreign insects from locality to locality. The presence of the 
Japanese beetle has often been detected by trapping in newly invaded 
localities before it has become sufficiently numerous to be detected by 
other means. Local control, applied promptly to eradicate the early 
invaders, retards the insect’s rate of spread. Similarly, traps have been 
used to detect the spread of the introduced gypsy moth into new localities; 
by this means, its presence has been detected before it could otherwise 
have been found. As a result of this warning, several spot infestations 



FOREST E>iTOMOLOGY 



liavo been eradicated by prompt application of control measures and 
jiciicral infestatbnis thus prevented. Traps have also been used later to 

\crily the .success of control program.^. 

'I'he ciiief objection to the trapping method for general survey work is 

tlie time required to operate tlie traps. The insects captured must be 
sorted, pre.served. counted, and the numbers talmlated. The operation 
of trap.s will usually be limited to the detection of special insects. Occa¬ 
sionally they may be u.sed for more general collecting, whore they can be 

easily attended. , , ^ • • * 

By Measuring Frass Drop. One example of the method of arriving at 

comparative data is through the evaluation of frass drop. Frass is a term 

applied to the wa.ste materials produced hy insects in feeding. Since its 

anu)unt is in direct proportion to the amount of material eaten, the 

Abundance of insects can be calculated by measurement of the resulting 


frass. 

Morris (19-19). collecting the frass on standard-size cloth-bottomed 
trays set out under given trees, was able to demonstrate a high degree of 
correlation between frass drop and spruce-sawfly populations. By col¬ 
lecting frass from under the .same trees in successive years, Morris learned 
how great was the fluctuation of larvae from year to year. 

By Counting Cocoons. Some insect populations may be measured 
rolativelv by means of cocoon counts. For instance, sawflies, such as the 
Kuropean spruce sawfly, the larch sawfly, and the jack-pine sawfly, spin 
cocoons beneath the trees on which they feed. These cocoons are not 
difficult to find if one knows how and where to look for them. By 
repeatedly examining selected areas where such cocoons are most likely 
to be found, one can determine the relative population of the insect 
(Prehhle, 1943). 

By Coimting Infested Parts. In many instances the relative number 
of insects may be determined by counting those present on a certain unit 
of shoot, twig, or stem. The relative number of the European larch case- 
hearer may be expressed as the number per fascicle of leaves. The 
abundance of the spruce-gall aphids may be expressed in terms of the 
number of galls per branch. The abundance of the Saratoga spittlebug 
may be expressed as the number of infested sweet fern plants, the alter¬ 
nate host. Similar counts may be made in the case of numerous other 
insects. 


TECHNIQUES FOR DETERMINING DEGREE OF HAZARD 

In all surveys it is desirable to keep costs at a minimum without reduc¬ 
ing effectiveness. One way to accomplish this is to concentrate efforts on 
potentially dangerous spots. Since some cover types are more subject to 
insect attack than others, areas of high hazard often follow cover-type 
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lines. A good cover-type map, therefore, is a guide in planning surveys 
and is useful in reducing survey costs. 

Cover-type Maps. Even the usual forcst-ty[)e map that shows merely 
the location of commercial tree types and crown classes is of some aid 
because it shows where susceptible tree species and sizes are located. 
Forest entomologists know well, however, that this information is not 
always adequate. Some stands may be verj' susceptible to attack of a 
certain injurious insect, whereas other stands containing practically the 
same combination of specie.s, but in ditTerent proportions, may be almost 
immune. Such differences are often related to soil conditions and to the 
stage of ecological succession of the stand. Therefore to be most useful, 
the type map should indicate soil and ecological stage as well as tree 
species. 

Since the character of botli woody and herbaceous vegetation is corre¬ 
lated directly with soil, it is possible to classify cover types in such a 
manner that site will be indicated. A classification of this sort has boon 


devised for Michigan and, witli minor modifications, has been widely 
adopted in other localities (Graham, 1945). It is based on the ecological 
successional stages that arc characteristic of an area. A brief resume of 
this classification is prc.«cnted here to illustrate one approach to cover 


classification. The major divisions are based on the origin of the various 


successional series characteristic of a locality or climatic area; for exam¬ 


ple, bare soil, rock, semiacjuatic, or aquatic situations. Each is given 
names indicative of these origins. The following are the names and let¬ 
ters used to designate each series in this classification: 


A. Nonporous Soils: 

Clay and clay loams through which water docs not readily percolate. 

P. Porous Soils: 

Sands and sandy loams through which water percolates readily. . 

R. Hock Outcrops: 

Shallow soils built upon bedrock. 

B. Staijnant Bogs: 

Water-holding depressions that have filled or are being filled by the thickening 
of a floating mat of vegetation, with water flowing through them only at times 
of flood. 

M. Marshes: 

Shallow depressions holding water that have filled or are filling with organic 
material produced by plants rooted in the bottom. 

S. Seepages: 

Wet areas covered with either bog or marsh plants, through which fresh water 
flows within 1 or 2 feet of the surface. 

F. Flood Plains: 

Alluvial deposits along streams with high water table and good drainage. 

E. Transition Belts: 

Narrow strips between types, that differ from both adjacent types. 



FOREST EM'OMOIJXiY 


The ecological stages in each of these series have been divided into 10 
arbitrarv divisions, starting with the substratum-open water, bare soil 
or rock—and passing through six herbaceous stages and four woody plant 
sta-es. These last four are of chief concern to the forest entomologist. 
'I’hev are the shrub stage, the intolerant tree stage, the midtolerant tree 
stage ami the tolerant tree stage. They are de.signated consecutively 
bv the numbers 7. 8. 9. and 10. In type-mapping an area by this system, 
the tvpe will be indicated by the appropriate letter and number repre¬ 
senting the series and stage, followed by the symbols for the predominant 
trees or shrubs. L’nder certain conditions it may be necessary to modify 
the svstem. For instance, in dry climates, where stage 10 will never be 
■ittained it mav be necessary to subdivide stage 8 or 9 to show local 
variations within them. Modification of the system may also be neces¬ 
sary in mountainous localities, e.specially at high altitudes, where climatic 
changes occur within astonishingly short distances. In such localities 
exposure, variations in elevation, air drainage, and temperature inversion 
may require subdivision of the general climatic area. By the use of a 
good cover-type map exten.sive surveys can be concentrated on high- 
hazard types with full confidence that in such places trouble will appear 
first; low-risk types can be disregarded. Thus the total area to be exam¬ 
ined and the cost of detection operations can be much lower than would 
otherwise be possible. 

Hazard Rating of Areas. Economic conditions sometimes demand 
that mature or even overmature forests be utilized over an extended 
period. During this time, the risk of insect injury is great, and losses 
have often been so high that conservative practices have been abandoned 
in favor of de.structive logging operations. This situation has been 
especially true in the east-.slope ponderosa and JetTrey pine types and in 

overmature inland types of ponderosa pine. 

In these types, hazard surveys are regularly made to determine where 
the liazard is greatest and where conditions are relatively safe. On the 
liasis of such a survey, maps are prepared to show hazard conditions in 
various places. With this information, operators can direct logging first 
into tho.se areas that are most likely to suffer injury. These surveys have 
greatly reduced the trend toward rapid liquidation designed to save 
capital invested in overmature stands, and have thus contributed to the 
greater stability of the forest industry. The degree of hazard in any area 
may change over a period of years. Therefore, repeated surveys are 
necessary. 

Several methods have been used to determine hazard. For example, 
the number of trees dying in any one season or over a period of years indi¬ 
cates directly the degree of hazard. However, information based on 



DETECTION AM) AEEltAISAL 


47 


mortality alone may become available too late to permit efi'ective planning 
of operations. Research has indicated that individual high-risk trees can 
be recognized by definite characteristics. The proportion of liigh-risk 
trees in the stand can, therefore, be determined and the relative degree of 
hazard evaluated. 

Risk Rating. Risk rating of individual trees is now applied generally 
in mature ponderosa and Jeffrey pine types in California, and in Idaho 
and Montana ponderosa pine types (Johnson, 1949). The rating is used 
not only in connection with surveys but also in certain silvicultural prac¬ 
tices that are discussed in Chap. XIII. 

The rating of trees is based upon the presence of .symptoms indicating 
poor tree health. Arbitrary values have been given to the various symp¬ 
toms, the combination of all indicating the risk rating for the tree. The 
trees are divided into four risk classes; (1) low risk, (2) moderate risk, (3) 
high risk, and (4) very high risk. In practical application, different 
individuals appear to a.ssign different values to the various symptoms. 
As a result, personal variations in ratings may occur especially in groups 
2 and 3. 

Keen, by statistical analysis of data, is attempting to establish defi¬ 
nitely the relative values that should be assigned to the various s^^mptoms. 
His tentative conclusions indicate that the following symptoms are 
especially useful indicators of poor tree health: (1) fading or off color of 
foliage, (2) top dying, (3) thin, open crown throughout, (4) dying lateral 
twigs, (5) short needles above, longer below. Good tree health, associ¬ 
ated with low risk, is indicated by crowns with full, dense foliage, lo?ig 
needles, dark-green foliage, and almost no dead twigs. With the collec¬ 
tion and analysis of further information, the evaluation of risk symptoms 
will become more refined and the usefulness of risk rating for survey pur¬ 
poses will be increased. 

From this discussion of forest-insect surveys, it is apparent that our 
initial concern in forest entomology is to detect promptly the presence of 
noxious insects whenever their populations are dangerously increasing. 
Detection and appraisal of populations are essential preliminaries to con¬ 
trol. When we detect an increasing population, we must evaluate the 
significance of that increase. In order to do this, the forest entomologist 
must understand those forces that are operating to bring about the 
increase or decrease of insect numbers. In the following chapters these 
forces are discussed. 



CHAPTER IV 

REPRODUCTIVE POTENTIAL 


'I'ho number of potentially injurious forest insects varies, as we have 
s('<'n. from season to season and from locality to locality. The.se fluctua¬ 
tions are of major concern to the forest entomologist. If he can prevent 
insects from increasing above the level of economically serious damage, he 
will attain his ideal objective; if (his is impo.ssiblc, he may, at least, learn 
to anticipate outbreaks and be prepared to control them by direct means. 
In order to do either of these things, it is e.ssential to know the capacity 
to increase that is characteristic of the more dangerous insect species and 
to understand the forces that operate in nature to prevent the attainment 


of these rates of increase. 

'I'he actual abundance of forest insects in general and of any one species 
in i>articular depends upon their ability to multiply and to live, in spite of 
the various destructive forces in their environment. Before we can ascer¬ 
tain what will be the actual abundance of any insect, we must take into 
careful consideration (1) the ability of that insect to multiply in the 
al)sence of any destructive force and (2) the value of the sum total of all 
the environmental forces working toward its destruction. In other 
words, the rate of population growth is the result of a struggle between 
the forces of potential creation and potential destruction. Chapman 
(1925) has proposed apt terms for these two opposing forces: reprodrictive 
potential and environmental resistance.^ 


RATE OF MULTIPLICATION 

The reproductive potential of an insect species, usually expressed in 
terms of a single individual, is its ability to multiply in a given time when 
relieved of all environmental resistance. The reproductive potential 
depends upon the rate of multiplication and the sex ratio. The rate of 


‘ Chapman proposed the terms biotic potential, survival potential, reproductive 
potential, and environmental resistance. These terms have been widely accepted, but 
imforturintely, the first two have not always been used consistently. On the other 
hand reproductive potential and environmental resistance have seldom been misused. 
.-\s originally defined by Chapman, these two terms adequately meet all the require¬ 
ments in the following discussion. Therefore, in this text, the confusing terms biotic 
potential and survival potential will not be used. 
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multiplication, in turn, is determined by an insect’s fecundity and the 
length of the developmental period. At thi.s point it should be made 
clear that the force of reproductive potential alone does not determine the 
population level that a species will reach, but merely the rate of increase 
that will occur in the absence of environmental resistance. 

Fecundity. The ability to produce young is one of the basic factors 
determining reproductive potential. Among insects there is a wide range 
of variation in this ability. The number of eggs that may be deposited by 
a single female may vary from a very few, as is the case with some wasp.«. 
to hundreds of thousands, as with the termites. 

In general, the fecundity of insects is relatively high. Folsom and 
Wardle (1934) quote Mauw to the effect that two females of the broad- 
necked root borer, Pnon?/s laticollis, were found to have in their ovarie.s 
332 and 597 eggs. They further cite Oirault as authority for the data in 
Table III concerning the fecundity of certain specie.s. 


Tabi.e III. Fecunditv of Insects 


Species 

1 

Maximum 

Minimum 

.\venige 

Evergrec^n bag worm, Thyridopterix ephiinerae- 
formh . 

1 ,C)49 

405 

941 

Eastern tent caterpillar, Malacosoma {ClUich 
camva) atnericanum .. 

4Gf) 

313 

375.5 

Scurfy scale. Chionasvis furfura . 

84 

33 

66 .5 


1 


Other investigations have shown that the white-pine weevil, Pissodcs 
strobi, lays on the average 115 eggs per female (Graham, 192G); the spruce 
budworm, Choristoneura^ fumiferana, 316 (Graham, 1936); the forest tent 
caterpillar, Malacosoma disstria, over 300. Counts made by the author’s 
class in forest entomology showed that the scurfy scale, in the season of 
1926 in Minnesota, laid an average of 25.6 eggs per female, with a maxi¬ 
mum of 52 and a minimum of 6, a considerable variation from the figures 
cited above. In the same year the oystershell scale, Lepidosaphes ulmi, 
produced on the average 27.4 eggs per female, with a maximum of 68 and 
a minimum of 20; the white-marked tussock moth, Hemerocampa leuco- 
sligma, produced on the average 231.8 eggs per female, with a maximum 

* The generic name of this insect, like that of many other tortricid moths, has been 
changed a number of times since 1910. At various times it has been assigned to the 
genera Tortrix, Archips, Harmaloga and Cacoecia. These changes are very' confusing 
to the elementary student until he realizes that the group to which this insect belongs 
is a large and complex super family which has been in process of revision by taxono¬ 
mists. Out of the apparent confusion will emerge a clear and stable classification. 
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i)f 4(w and a minimum of 174. High a.s these figures are, it is improbable 
that in any of those eases the maximum possible number of eggs was 
deposited. Kor instance, dissection and examination of a series of tus¬ 
sock-moth females showed an average of 47() fully developed eggs per 
female, witli a maximum of 704 and a minimum of 202—much higher 
figure.s tlian those based on counts of eggs actually deposited. 

Polyembryony. Some insects possess an ability that very materially 
increases their capacity to produce young. This is called polyembryony. 
Small hymenopterous parasites, notably the Braconidae and Procto- 
trupidae. commonly posse.ss this ability. A single egg deposited by a 
polyembryonic species produces from several to many individuals. Such 
a species, althougli it may produce comparatively few eggs, may still have 
a high rate of fecundity. 

Length of Developmental Period. The rate of multiplication is 
dependent not only upon fecundity but also upon the length of time 
required for the completion of each generation. Many insects develop 
slowly. Certain species of Cerambycidae, for example, Monochamus 
coufusor, the large pine sawyer, and Monochamus scutcllatus, the spotted 
pine sawyer, require a full year to complete a generation under the most 
favorable conditions, and as many as 4 years under adverse conditions. 
Some cerambycid beetles, such as Hylotrupes banjulus, the old house 
borer, and Eburia quadrigeminata, the ivory-marked beetle, may live as 
larvae and pupae for as long as 18 to 20 years. It must be admitted that 
such extremely long developmental periods are unusual, even among wood 
borers, and are the result of unusually adverse conditions. A few insects, 
however, for example, the periodical cicada, Magicicada septendecim, have 
a normal life cycle almost as long as this. 

On the other hand, some of the fruit flies of the genus Drosophila, under 
favorable conditions, may complete their development from egg to adult 
in less than 2 weeks and may, consequently, produce from 10 to 20 
generations per year. Thus the short life cycle of such insects, coupled 
with the high fecundity of the individual insects, makes possible a rate of 
multiplication too great for the mind to comprehend. As an illustration 
of these tremendous possibilities, the calculation of LeFroy (1909) con¬ 
cerning the unrestricted multiplication of Drosophila may well be cited. 
He calculated that, if all the progeny lived and in turn reproduced them¬ 
selves under favorable conditions, a single pair of fruit flies would in 1 
year produce a mass of flies that, if packed 1,000 to the cubic inch, would 
cover the entire area of India to a depth of 100 million miles or would 
cover the earth to a depth of 1 million miles. Such a potential is difficult 
to imagine, because nothing like it has ever actually occurred. Neverthe¬ 
less the immense possibilities of multiplication should not be overlooked. 
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SEX RATIO 

The next important factor determining the reproductive potential of 
a species is the proportion of males and females characteristic of the 
species. This proportion is determined, in part at least, by the habits of 
reproduction. 

Habits of Reproduction. Sexual reproduction is tlie type most com¬ 
monly found among insects, although cither partial or complete par¬ 
thenogenesis is characteristic of many species. This latter habit of repro¬ 
duction occurs very commonly among the Ilymenoptera. For example, 
the larch sawfly, Pristiphora crichsonii, is partly parthenogenetic, and all 
the individuals of a form of the European .spruce sawfiy, Diprion {Gilpina} 
pohjlomum, are completely parthenogenetic (Smith, 1941). So also are 
the summer generations of plant lice, which give birth parthenogenetically 
to many generations of agamic females. In this way, many more indi¬ 
viduals are produced during a season than would be possible with sexual 
reproduction. 

Usually the females predominate in parthenogenetic species. This 
holds true in the case of the larch sawfly, which, under conditions observed 
during outbreaks, has as many as 90 females to 4 males. With such a 
high proportion of females, the number of progeny resulting from any one 
generation is much greater than would be the case with the usual half-and- 
half proportion of the sexes. Thus the sex ratio must be taken into con¬ 
sideration in calculating reproductive potential. The term sex ratio has 
been used in several ways. Frequentl3' it indicates the ratio of males to 
females. More recent usage, where mathematical computations are 
involved, expresses it as the ratio between females and the total popula¬ 
tion. This latter expression should, for the sake of clarity, be called the 
sex factor. The sex factor of a species is determined by dividing the num¬ 
ber of females in a given group by the total number of individuals in that 
group. Thus, if the sexes occur in equal numbers, the sex factor will be 
0.5. In a purely parthenogenetic species, in which no males occur, it will 
be 1.0. In the case of the larch sawfly, mentioned above, the sex factor 
is 0.96. 

Effect of Sex Factor. The important part that the sex factor plays in 
determining the reproductive potential of a species may be illustrated 
(see Table IV) by a simple calculation comparing two hypothetical insect 
species, one of which produces equal numbers of males and females, while 
the other produces only females. We shall assume that each of these 
species lays 100 eggs per female. If we start with two individuals of each 
species and calculate the rate of multiplication for each through five 
generations of progeny, assuming that each female lays her full quota of 
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,..KS a.Kl that every eng produces arr adult individual, we shall see a great 
dilTercnce in the linal numbers for each species. 

T,uu.E IV. IlvroruF.Tic.M. Young Proi.vcbu mmsm- 0>-NEl..rTloNS 

. II Ii'mirtll I Fifth 


Cioiioriitioiis 


Sufcies 
No. 1 

Spe<'ies 
No. 2 


Males I 
l•'eInales I 

Totals 
Males 0 
Fctnalos 2 
Totals 


First 

Socoiul 

Third 

50 

2.500 

125.000 

50 

2.500 

125.000 

100 

5.000 

250.000 

0 

0 

0 

200 

20,000 

2.000.000 

200 

j 20.000 

2.000.000 


Fourth 

G,250,000 
G.250,000 

12.500.000 

0 

200 . 0 00.000 
200 . 000.000 


312.500.000 
312. .500.000 

G25.000.000 
0 

20 , 000 , 000,000 

20 , 000 . 000.000 


In the fifth generution, it will be seen that species number 2 with the 
sex factor 1.0 has reached a total of more than 30 times the number of 
individuals in species ntimiier 1 with a sex factor of O.o. Thus, it is 
evident that sex factor is of vast importance in determining reproductive 
potential, because it expresses the numbers of individuals m each genera¬ 
tion of a species that are capable of producing new individuals. 


CALCULATION OF REPRODUCTIVE POTENTIAL 

Unless a specific numerical value for the reproductive potential of a 
species can be assigned, the term has little or no practical significance. 
Because the knowledge of the factors concerned has not been sufficient, 
it has often been impossible to arrive at such a value. In order to calcu¬ 
late the value of the reproductive potential of a species, all the factors 
that have just been discussed must be taken into consideration. The 
number of ovules that a single typical female is capable of producing, the 
number of generations that will be produced in a given time under 
optimum conditions, and the sex factor must all be known. The values 
for these factors are practically constant for any species of insect existing 
under ideal conditions, and they are sometimes called the constants for 
that species. If these constants are known, then the reproductive poten¬ 
tial of any species may be calculated. 

Values for Fecundity. According to the definition of reproductive 
potential, the constant values for fecundity can be observed only in the 
absence of environmental resistance. Therefore, the rate under ordinary 
natural conditions, when resistance is always more or less operative, can¬ 
not exactly indicate the potential value for fecundity. It is not the num¬ 
ber of eggs which a typical female of a species actually lays that is the 
constant for that species, but the number she is capable of laying. To 
secure this potential number several methods may be used. The most 
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accurate would be to rear a number of females from eggs to adults under 
ideal conditions, count the total egg production of each, and use the aver¬ 
age production as the potential fecundity. Although this method has 
been used in several instances, it is both difficult and time-consuming; 
therefore, some easier way is desirable. 

One method that is easier but, unfortunately, not so accurate is to 
count the fully developed eggs in the ovaries of gravid females that have 
never laid eggs and to assume the maximum number found in anj' one 
female to be the constant for that species. The reason for taking the 
maximum, rather than the average, is that in nature every individual is 
subject to the action of environmental resistance, and therefore even the 
maximum is probably lower than the actual potential fecundity. This 
method gives an approximate value for fecundity which may be used 
tentatively for those insects that lay their full quota of eggs within a few 
days. It cannot be used as an index of fecundity in species having a long 
period of oviposition. 

Counting the number of eggs laid in confinement seems to be the onlj^ 
feasible method that can be used for insects ovipositing over a consider¬ 
able period. Preferably this confinement should be under ideal condi¬ 
tions when, as indicated above, the average production would be used. 
If the optimum is not attainable, it would be logical to assume that the 
maximum oviposition observed represents more nearly the potential 
fecundity. 

Values for Other Factors. The values for the other factors that enter 
into the calculation of reproductive potential are more easily obtained. 
For instance, the determination of the sex factor may be accomplished by 
rearing a large number of individuals and determining the number of each 
sex in the group. The number of generations in a given period and the 
number of individuals produced from a single egg may also be determined 
by simple rearing experiments. Chapman, in the calculation of repro¬ 
ductive potential, has used with adaptations a mathematical expression 
proposed by Thompson (1922) to express the number of progeny that 
will result from a given population in any number of generations. In this 
expression p represents the original population, which in the calculation of 
reproductive potential will be a single individual, z represents the product 
of the number of eggs per female and the sex factor, and n represents the 
number of generations in a given time. Then the number of progeny in n 
generations is pz". This expression is sound except when dealing with 
species that are polyembryonic, in which case it is necessary to include 
that factor also. For instance, if y represents the number of progeny 
arising from a single egg, the expression will then read p{zy)’'. 

If it is assumed, for example, that the egg-laying capacity of the white- 
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niarkod tvissock moth is 704 eggs per female (the maximum number of 
fullv .loveloped eggs recorded as found in gravid females), the sex factor 
i. 0 5 the number of individuals produced from an egg is 1, and the num- 
l.,T of generations per year is 1; then the annual reproductive Potential 
for the species, expressed for a single insect is 1 X (382 X 1) - ii, 

liowever, this were a polyemhryonie species producing 4 individuals from 
a single egg and if it passed through two generations per season, the biotic 

potential would be 1 X (382 X 4)- = 2,334,784. 

'I'his simple calculation demonstrates clearly the importance of each of 
the various factors of reproductive potential. Fortunately for man, this 
stupendous potential of creation is held in check by the forces of destruc¬ 
tion that are analyzed in the following chapter. 



CHAPTER V 


ENVIRONMENTAL RESISTANCE 

Environmental resistance is the sum of all the factors in an environment 
tliat tend to reduce the rate of multiplication of any organism. The fac¬ 
tors that are combined to produce this force, so far as forest insects are 
concerned, may be divided into four principal groups: physical, nutri¬ 
tional, plant physiological, and biotic. These groups will be considered 
separatel3^ 

PHYSICAL FACTORS 

Of all the limiting factors in tlie insect’s environment, the physical 
factors have received the mo.st intensive study and are best understood. 
But the knowledge of this group is still far from complete. It is known in 
general that temperature plays an important role in determining both the 
rate of insect development and the distribution of all insects, geographi¬ 
cally and locally. There are comparatively few species whose temperature 
reactions are definitely known. Likewise, the effects of light, mois¬ 
ture, air movement, and all the other factors that are thought of in con¬ 
nection with climate and weather are far from fully understood. Never¬ 
theless much important progress has been made along these lines. In 
the following pages some of the more important effects of the action of 
these physical factors upon insect activities are discussed. 

Temperature. One of the most important physical factors regulating 
insect activity is temperature. Each species of insect has a definite range 
of temperature within which it is able to live; temperatures above or 
below result in the insect’s death. Near the upper and lower endurable 
limits are the dormant zones in which all external movement ceases. 
When an insect is in the lower of these zones, it is said to be in hiberna¬ 
tion ; when it is in the upper, it is said to be in estivation. Between these 
dormant zones lies the zone of activity or, as it is sometimes called, the 
zone of effective temperature. 

As the temperature rises above the zone of hibernation in the effective 
zone, it becomes more and more favorable for insect development until 
an optimum point is reached. As the temperature rises above the opti¬ 
mum, conditions become less and less favorable, until all activity ceases 
when the zone of estivation is reached. 
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The temperature requirements of insects vary with the species. Some 
species are active at a temperature only sliglitly above the freezing point 
of water, whereas most species are active only at temperature.s above 
15®C. The optimum temperature for most insects is in the neigliborliood 
of 20°C., and estivation usuall}’ begins at from 38 to 45°C. For many 
insects, 48°C. is the point of fatality at high temperatures, although some 
of the heat-resistant forms, for example, chrysobothris, can endure a 
temperature of 52®C. for a short period (Graham. 1022). The low fatal 
temperature varies with both the species and the season. It has been 
shown that the same species is able to endure much more cold in the fall 
and winter than in the spring and summer (Payne, 1926). With each 
period of warmer than normal temperature during the winter, hibernating 
wood borers become less and less cold-hardy. As a result, in the spring 
the insects will be killed if exposed to subfreezing temperature which, in 
winter, they could have endured. The width of the zone of hibernation 
is so variable that no general statement regarding the usual point of 
fatality at low temperature can be made. All that can be said is that 
tropical species are, as a rule, much more susceptible to cold than are the 
temperate species. 

This brings us to a consideration of the influence of temperature factors 
upon the distribution of insects. Several more or less successful attempts 
have been made to determine life zones on the basis of the sums of eflec- 
tive temperatures for different localities. Merriam (1898) used this 
basis for the (ronstruction of the life zones that are still widely used in 
biological work. Sanderson (1908) has shown, however, that insects do 
not always occur in every locality where the total of effective temperature 
is sufficient to make possible their complete development. Thus even 
though there may be a sufficiency of warm weather in the summer, a 
species may be kept out of a locality as a result of extremes of cold in the 
winter. For instance, the northward distribution of the gypsy and the 
brown-tail moths is definitely limited by low winter temperatures (Sum¬ 
mers, 1922), and so it is probable that neither of these insects will ever 
reach the northernmost point at which summer temperatures are favor¬ 
able. Similarly, the introduced European pine shoot moth, Rkyacionia 
buoliana, succumbs to temperatures of — 18®F. or lower and therefore 
cannot spread to the northern limits of its host species. 

A very useful empirical law has been developed by Hopkins (1920 and 
1938) which is known as Hopkins’s bioclimatic law. By the use of this 
law, it is possible to prophesy from known conditions in one locality what 
conditions will exist at the same time in another locality. According to 
this law, any periodical biological phenomenon—such as the emergence 
of insects from hibernation, the spring awakening of vegetation, or the 
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oiilnuHT of insocts into liihornation--is correlated with latitude, longi¬ 
tude. and altitude. The law may be stated as follows; Other conditions 
being e<jual. the variation in time of any seasonal event in temperate 
North America occurring in the spring and early summer is at the general 
rale of 1 days later for each degree of latitude northward, or 5 degrees ot 
longitude eastward, or 400 feet of altitude upward. In the late summer 
an<l fall, conditions are reversed. Tliis law appears to hold reasonably 
well for at least those portions of temperate North America east of the 

Ihickv Mountains. ('onsideration of this law shows clearly why, on the 
% 

l)asis of temperature alone, a high mountain range might prove an impas.s- 
able geograi)hical barrier to the spread of animals or plants from one 
r(*gion to another. 

In the preceding discussion we have seen how temperature limits the 
geograj)hica! (listriluition of insects. It al.so limits with ecjua! certainty 
the local distiil)Ution of these animals. The local temperature varies 
greatly within very short distances. For instance, on a bright day in 
summer the temperature at the .surface of tlie grotmd may be a.s much as 
.■)()®C’. higher than the air temperature at breast height. A dilTerenee of 
from 10 to 2()®C’. between surface temperature and the temperature 1 foot 
above the .surface is not at all uncommon. With such a wide range within 
such a limited space, it is possible for many insects to change their posi¬ 
tion .so as to keep within a favorable zone (Chapman. 1025). 

Some insects, those living in logs for instance, are unable to move 
(juiekly from place to place. If conditions become suHiciently unfavor¬ 
able. the insects may be killed. In logs having comparatively thin dark- 
colored bark, the side cxpo.sed to direct .solar radiation may reach (iO®C. 
or more (Clraham, 1922 and 1924). Such temperatures are far above the 
fatal point for all insects, and so on the upper side of logs lying in the sun 
there is usually a sterile zone. On the sides wliere favorable temperatures 
pro\ail. the insects occur in greatest numbers; on the lower side, where 
uniformly cool conditions are found, there exist only those species that 
are able to live under cool conditions. As will be shown later, the fatal 
olTcct of high temperature upon log-inhabiting insects is made use of in 
insect control. Local distribution of insects can furnish highlj' useful 
information in evaluating forest-insect effects. For instance, from the 
facts of distribution it is possible to state whether or not a certain fallen 
tree was infested before or after its falling. If infestation came first, 
insects of the same species will be found on all sides of the log; if infesta¬ 
tion followed falling, there will be a zone on the upper side devoid of 
insects and on the lower side a zone containing insects liking cool condi¬ 
tions. 1 he reason for this lies in the fact that temperatures in standing 
trees never reach a point high enough to kill all insects, while on the fallen 
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tree trunk ver>’ high temperaturo may be reached on the top side. Iligii 
subcortical temperatures can develop only where the sun’s rays fall 
vertically and where they have the shortest atmospheric distance to 
travel. Since the latter condition exists onlv at middav, the ravs will be 
falling vertically at that time only on trees in a horizontal position. 
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Fig. 12. Distribution of hemlock Ixirer tunnels under the bark of a hemlock log lying 
in an east-west direction. Ob.serve the sterile zone on the upper soutli .side. Tlie black 
spots represent emergence holes through the bark, sometimes at a distance from the .sub¬ 
cortical feeding tunnels. 


Temperature not only affects the geographical and local distribution of 
insects but it also regulates the rate of insect development. In general, 
the rate of development increases in proportion to the increase in tempera¬ 
ture until the point of optimum temperature is reached. The rate of this 
increase varies somewhat at different temperatures and with different 
species but, in general between the lowest effective temperature and the 
optimum point, an increase of 10°C. doubles the rate of development. 
Sanderson and Peairs (1913), Peairs (1927), Krogh (1914), and other 
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workers have exprcsse<l the increase in velocity of development more 
accurately, stating that the rate of development increases directly with 
the temperature, the developmental curve being a segment of a true 
mathematical hyperbola. Although this generalization is true only 
within certain limits, it is useful to the forest entomologist. Since, by 
dciinition, the reciprocals for the points on a hyperbola fall in a straight 
line, if we plot the reciprocals of two points and connect them by a 
straight line, it will be possible to compute the rate of development at any 
other temperature. Above the optimum point, a reduction in rate of 
development occurs with increasing temperature, until at a high tempera¬ 
ture the rate of development is reduced to zero. Thus a line through the 
points representing the reciprocals of the developmental rate will diverge 
from the straight line at high temperature. A similar divergence appears 
at low temperature, but the segment in which we are most interested 
follows the straight line. 

The seasonal activities of many insects are definitely regulated by tem¬ 
perature. For instance, the Nantucket pine moth, Rhyacionia fruslrana, 
has only one generation per year in Michigan and Minnesota, and as many 
as five in the Southern states. Similarly the white-marked tussock moth, 
some bark beetles, and several of the giant silkworm moths have only one 
generation in the North and two or more in the South (Dawson, 1931). 
Both the number of generations and the time of emergence are correlated 
with temperature conditions. During a late spring, insects may be 
greatly retarded in emerging from hibernation; during cool summers, the 
length of the developmental stages may be greatly extended. For 
instance, during the spring of 1950 in Michigan, the European larch case- 
bearer was at least 2 weeks later than usual in emerging from hibernation. 
\n increase in the length of the larval stage usually affects an insect 
species adversely by exposing it longer than usual to predators and 
disease-causing organisms. 

Light. The reactions of insects to light are not very different from 
their reactions to temperature, and since these factors are usually closely 
associated with one another and since they generally vary synchronously, 
it is often difficult to determine whether the effects are produced by the 
one or by the other. Evidence indicates that temperature and light 
operating together may be necessary to produce certain reactions. 
Dickinson (1949), reports that diapause in the Oriental fruit moth is 
induced by light and temperature combined when temperatures are 
median and when periods of light and darkness are about equal. Neither 
condition alone can produce this effect. 

Theoretically, it seems possible to divide light, just as we do tempera¬ 
ture, into optimum, effective, dormant, and lethal zones. Inasmuch as 
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some insects respond positively and some negatively to light, it may be 
assumed that the optimum must vary greatly with dilTerent species. The 
stimulating effect of light on certain species is well illustrated by the reac¬ 
tion of chrysobothris adults. ’^I'hese beetles remain inactive on cloudy 
days when the air temperature may be as high as, or higher than, the 
temperature on some sunny days when they are active. Carpenter 
(1909), has shotNTi that the convulsive motor reactions of drosophila that 
normally occur at a temperature of 39°C. appear at 30°C. under the rays 
of a strong light of 480 candle power. Although certain insects are not 
able to endure strong light, it seems probable that light under natural 
conditions seldom goes beyond the limits of toleration of most species. 
It is true, however, that the presence or absence of light determines to a 
greater or lesser extent the local distribution of insects. Those that are 
positively phototropic or heliotropic will be found for the most part in the 
open, whereas those that respond negatively will be found during the day 
in the soil, under rocks or bark, or in some other dark location. In some 
instances, light appears to be an important factor in determining the 
place of oviposition of certain insects. For instance, Chapman (1915) 
has shown that the two-lined chestnut borer, Agrilus bilincatus, deposits 
its eggs by preference upon trees exposed to full sunlight. This is appar¬ 
ently also true of the bronze birch borer, Agrilus anxius. 

Insects do not react to light in the same manner at all stages of develop¬ 
ment nor under all conditions. For instance, Wellington (1948) in a 
careful investigation of the photoresponses of the spruce budworm, points 
out that the first and second instars always react positively to light at 
room temperature, whereas in other stages the light reaction is affected by 
feeding, except for the third, which is indifferent to light even when 
starved. The later instars react negatively when hungr 3 ', and all stages 
at ordinary temperatures react positively' when not hungry'. At exces¬ 
sively high temperatures, all stages react negatively. The results of these 
experiments demonstrate that caution must be exercised in drawing 
generalizations from field observations. From this discussion, we see 
that the effects of light are difficult to separate from those of temperature, 
but there is good evidence to indicate that light is important in the life of 
insects. 

Moisture. Another physical factor of the environment that plays an 
important part in insect activity is moisture. As with all other forms of 
life, so it is with insects: both their distribution and their development are 
dependent on the presence of water in the environment. The effective¬ 
ness of heat in stimulating or retarding the velocity of insect development 
is also influenced by the amount of moisture present. Under favorable 
moisture conditions, an insect is not so susceptible to extremes of tem- 
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pcrature as it would he under unfavorable moisture conditions (Pierce, 

Iblf)). . , , „ . 

Witii moisture, as well as with temperature, each species has definite 

,(.,|,ureinents with optimum and efTective zones. The extreme zones are 

l(‘ss clearly marked than is the ease with heat. I nder ordinary condi- 

liuns. an excess or deficiency of moisture does not result in an insect’s 

imnu'diate death hut otdy in a disturbance of its activities. There are. 

ho\\e\'cr, certain out.'^tanding instances of forest insects that arc definitel\ 

limited in their activities by the moisture factor. The powderpost 
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Fig, 13. Combined clTcct of temperature and relative humidity on the rate of develop¬ 
ment of iin^ects. The stippled area represents the most rapid development, the vertical 
dashes show the favorable zone, the unshaded area is the zone within which growth is 
slow but conditions are tolerable, and the diagonal dashes represent the combinations 
witlnii wliich no development is possible. The position of the zones on the temperature and 
Inunidity scales vary with different species. 


beetles, for instance, cannot live in moist wood (Snyder, 1926), whereas 
the ambrosia beetles cannot develop in dry wood. Bark beetles are 
definitely limited by moisture conditions in the phloem region. The 
eastern spruce beetle, Dendroctonu^ piccaperda, is able to develop better 
under moist conditions than is its frequent associate Ips perlurbalus; 
whereas the latter can live easily under conditions that are too dry for the 
dcndroctonus (Denton, 1950). Also the smaller European elm bark 
beetle, Scolytus muUistrialus, exhibits a marked preference for freshly cut 
logs and is unable to live in those that have dried to a point where the 
phloem is discolored (Martin, 1946). The rate of development of other 
wood-boring species may be greatly reduced by the desiccation of the 
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wood. In fact there are ca>-es on record in which a wood borer liaving a 
normal life cycle of I or 2 year.s lias required, hecau.se of unusually dry 
conditions, 20 years or more to reach maturity. 

The activities of most insects are alVeiled more or le.ss hy moisture 

% 

extremes. For example, the spruce-hudworm larvae cease feeding when 
the air becomes saturated with water. 'I'hus. during periods of moist 
weather the larvae may be practically inactive, with the result that the 
length of the developmental periotl is extended. 

Climate and Weather. In view of the far-reaching elTecI that any one 
of these factors ot temperature. light, or moisture may have on the life of 
forest insects, it is evident that, when all are combined and joined with 
Still other factors, the resulting complex, which wc call weather or climate, 
is fundamental in any consideration of forest-insect problems, (’limate 
is the result of the combined action of all the physical factors of the 
environment over a long period of time and, as far as meteorological 


evidence is concerned, is relatively stable in the same locality. 1'his 
climatic stability forms the basis of Hopkins’s bioclimatic law and of 
Merriam’s life zones. 

Weather, on the other hand, is the result of the combined action of all 


the physical factors of the environment at an}- given time and varies from 
hour to hour, day to day, and week to week. Weather influences the 
abundance of insects and the rate of development from year to year and 
from season to season, in every locality. With insects of the forest, as 
well as with others, weather conditions are exceedingly important in 
regulating abundance. A late frost in the spring after the eggs of the 
forest tent caterpillar have hatched may result in the starvation of almost 
all the young larvae of that species (Blackman, 1918). The same situa¬ 
tion is true in respect to all leaf eaters that feed upon trees in early spring. 
Heavy rains during the larval stage of insects that feed on the exposed 
surfaces of trees may wash off and destroy large numbers of such insects 
and thus reduce the possibility of their becoming epidemic. During the 
spring of 1947, the number of pine sawflies in southern Michigan was 
materially reduced by heavy rains immediately following the hatching of 
the larvae. Cool weather during the developmental period may so 
lengthen the larval or nymphal stage that a much larger proportion of the 
species may fall prey to their enemies than would otherwise be the case. 
Moist warm weather also may make possible outbreaks of entomophagous 
organisms, such as disease-causing bacteria or protozoa. Dry weather 
may so reduce the vegetative growth of trees on which certain species feed 
that great injury will result from the activities of only a normal number 
of pests. On the other hand, wet weather may produce an unusually 
luxuriant growth and overcome effects of an insect attack that might in 



54 


FOREST ENTOMOLOGY 


the iiverane season produee groat injury to the trees. In the case of most 
defoliating insects, higli temperatures combined with light rainfall tend to 
favor insect development and to encourage outbreaks. Soil-inhabiting 
insects are likely to be alTected adversely by dry weather (Hawley, 1949). 

Wellington and associates (lOoO) have studied the influence of weather 
upon the outbreaks of the spruce budworm. For his specific purpose, 
Wellington modified a method suggested by Kullmer (1933). By laying 
out a grill with north-south lines o'" of longitude apart and east-west lines 
2.5° of latitude apart, and recording the number of lows passing over each 
unit. Kullmer was able to draw isometric lines connecting those parts of 
the grid exjieriencing the same number of low-pressure periods. Lines 
bounding the points with the greatest number of “lows” indicated the 
position of the so-called storm track. This track shifts from season to 
season. By applying the modification of Kullmer's method, Wellington 
determined that, in any area, outbreaks of spruce budworm tend to follow 
a pei iod when for 3 or 4 years the number of lows has been decreasing. 
“In other words, outbreaks occur following periods of decreasing or 


minimal storminess.” 

From the viewpoint of the forest entomologist this sort of information 
wouUl have limited value were it not for long-range forecasting of weather. 
There is little doubt that in the near future general forecasts for any 
locality can and will be made several years in advance. Thus in areas 
that are otherwise suitable for the outbreak of an insect, we can anticipate 
by several years when an outbreak is likely to occur. Also we can, with 
considerable certainty, anticipate the years that will be relatively safe. 

The assumption that all species of insects respond to the same or even 
similar weather conditions is unsafe. There is, however, a growing 
accumulation of data to indicate that outbreaks of numerous species 
occur in the same climatic area at about the same time. Carpenter (1940) 
summarized outbreak records for Europe and treated the data as if all 
species were part of a single population. He found a strong tendency for 
outbreaks of any group of species to occur concurrently in the same vege- 
tational formation. He says, “Analysis of the records of insect outbreaks 
. . . suggests that, in the deciduous forest region at any rate, outbreaks 
tend strongly to occur in the same groups of years, or are nearer together 
than would be expected from chance.” 

Although no similar study has been made in America, experience indi¬ 
cates that a comparable situation exists. In the Lake states outbreaks 
of the spruce budworm and larch sawfly occurred simultaneously between 
1910 and 1920. At about the same time, the pine tussock moth and the 
hemlock looper were abundant in Wisconsin. From the study of tree 
rings, it appears that both a budworm'outbreak and a larch-sa^’fly oirt- 
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break occurred about 1880 in parts of Micliigan: again in the middle 
twenties, local outbreaks of larch sawfly and sjjiuce budworm occurred 
simultaneously in the Tahquamenon Swamp and adjacent areas. 

Thus we are encouraged to hope that studies of the ways in whicli physi¬ 
cal factors of environmental resistance affect various species of forest 
insects, coupled with long-range forecasting, may lead to better prepared¬ 
ness for outbreaks. 

Indirect Effects of Weather. In preceding sections the emphasis has 
been on the effects of physical factors upon the insects themselves. Hut 
often the effects of weather conditions on the infested trees may be equally 
significant. 

Bark-beetle outbreaks are frequently associated with periods of drought, 
during which the trees are weakened from lack of water. Hetrick (1949) 
reports, however, that conditions were made more favorable for the south¬ 
ern pine beetle by excessive precipitation, because pines growing on low- 
lying areas were injured by high water. Apparently any force that 
reduces the vitality of the trees renders them subject to attack. 

Wind and fire, the latter a reflection of climatic conditions, kill and 
damage trees, thus encouraging the increase of bark insects and wood 
borers. Similarly winter injury is often a means of encouraging insect 
outbreaks. Widespread winter injury in the winter of 1948-1949 
occurred from the Black Hills to New York State. An abnormally dry 
autumn was followed by an acute condition in February. In northern 
Wisconsin and Michigan high thawing temperature occurred on Feb. 17 
and was followed the next day by subzero temperatures. Many pines 
and hemlocks were defoliated as a result of desiccation at a time when the 
water loss could not be replaced through the frozen sapwood. This 
resulted in a marked increase in the abundance of the hemlock borer in 
1949. 

The close association of insect outbreaks with weather fluctuations 
stimulates interest among forest entomologists in the so-called climatic 
cycles. Long-time records and evidence in tree rings provide considerable 
information on these trends (Keen, 1937). Alternating wet and dry 
periods occur and with them alternating periods when certain insects are 
sometimes abundant and other times scarce. Although neither the time 
between wet and dry periods nor the amplitude of the variations appears 
to be uniform, there is a certain amount of consistency that is useful for 
general forecast. 

The various physical factors discussed above may be much better 
understood than any of the other limiting factors of the insect environ¬ 
ment, but it is erroneous to assume that there are not other factors equally 
important entering into environmental resistance. These will be dis- 
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cii^sod viiuior the headings uf nutritional, plant physiological, and biotic 
factors. 

NUTRITIONAL FACTORS 

'Idle physical factors of the environment do not lend themselves to 
regulation, whereas the nutritional factors may often be controlled with a 
reasonable degree of exactness. If tlie food conditions can be so con¬ 
trolled that outbreaks of pests are improbable even in weather favorable 
for insects, we shall be less concerned about the elTects of weather upon the 
rat(' of in.sect multiplication. For this reason, we should be particularly 

interested iti the nutritional factors. 

Quantity of Food. It is an accepted biologic law that, other things 
lieing favorable, an organism will eventually multiply to the limit of its 
food supply. As a rule, the more numerous the individuals of a tree 
species, the more abundant are its insect enemies. When there is an 
unliinitoil and convenient supply of a certain species of trees, the stage is 
set for an outbreak of the insect pests of that tree. 

Idle spruce-budworm outbreaks in Eastern United States and Canada, 
as will he .shown later, are as.sociatcd with an overabundance of mature 
l)alsain fir and possibly white spruce. Similarly, the larch-sawfly out- 
l)reaks have undoubtedly been stimulated by large volumes of tamarack, 
and the forcst-lent-caterpillar outbreaks by extensive stands of poplar or 
other suitable food trees. Our forest and ornamental trees are often 
listed according to their susi-cptibility to insect attack. On examination 
of these lists it is found, with rare exceptions, that the species listed as 
insect-icsistant are those which do not occur commonly in large masses. 
Red pine has in the past been classed as insect-resistant, but accurately 
speaking it cannot be said that this and similar species are any more 
resistant than other species. Their apparent resistance was due to their 
relative scarcity in the forest. The validity of this statement is supported 
by experience following the widespread planting of red pine during the 
years following 1933. These plantations are being attacked by the 
Saratoga spittlcbug, by several sawflies—especially the red-headed pine 
.sawfly—and in the more southerly plantations by the European pine 
shoot motli. 

.\t one time, jack pine, like red pine, was regarded as an insect-resistant 
species, but later it was seriously attacked by a number of dangerous 
pests. The reason for this apparent change in susceptibility can probably 
be explained by the fact that in the range of the jack pine this species has 
largolj'^ replaced the other pines that once formed the major portion of the 
virgin forest in the Lake states. Instead of scattered blocks of jack pine 
on lands too poor to support other species, we now have vast areas over 
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which this species is predominant. Tliu.<; the (piantity of food available 
becomes an important factor in rei^ulat in*;: insect abnndance. This, of 
course, has an important bearing on control (Chap. XIII). 

Kind and Quality of Food. The al)undance of forest insects and the 
length of the developmental period are both limited by the kind and (lual- 
ity of food that the insects arc able to use. An insect species, for instance, 
that feeds only on the succulent tissues of the phloem must complete its 
feeding period quickly while the perishable material which it eats is still in 
usuable condition. Although perishable, this food is comparatively high 
in nutritional value. We should exiwt. therefore, that the phloem region 
would be filled with many kinds of insects, each with a sliort developmen¬ 
tal period. This is exactly the condition that exists. 

By the nature of their food, the development of almost all leaf-eating 
species is limited to a single season or even to a short part of one season. 
Few leaf eaters can pass the winter as partly grown larvae; con.sequently 
they must complete their development before the leaves drop in the 
autumn. In some cases, the length of the developmental period is 
limited to a few weeks during which the foliage is soft and succulent. 

Wood borers, on the other hand, feed upon a medium that changes very 
slowly. It is therefore not at all uncommon for their life cycle to extend 
over several years. Many of the wood-boring species, such as some of 
Cerambycidae and Buprestidae, feed for a time in the phloem before 
entering the solid wood. In this way the youitg larvae are provided with 
more nourishing and more easily digestible tood than are the largei lai ^ ae. 
This suggests that the powers of digestion of those species aie bcttci in 
the later than in the earlier stages. Other insects, such as the Hiricidae, 
are able to digest solid wood from the earliest stages and arc excIusi\-olj' 


eaters of wood. 

On the basis of these facts, it is seen that all tree insects do not have the 
same food requirements: some require leaves, some find the [dilocm region 
to their liking, and still others are able to wrest their living from the solid 
wood. As the wood is worked over by insects and fungi, its chemical and 
physical characters change, and with this change come new species of 
insects to replace those whicli attacked the living tree or recently cut log. 
These in turn are replaced by others until in the last stage of decomposi¬ 
tion the population is identical with that of the duff stratum of forest 
soils. Thus there is a continuous succession of insect species inhabiting 
the tree from the fresh green condition of the newly felled or killed tree to 


the completely decomposed condition. 

During the process of disintegration there is, in many instances, a close 
relationship between fungi and insects. In some cases, particulaily in 
the early stages, a true symbiotic relationship can be demonstrated 
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lUmiinherger, 1919). Just as the fruit Hies can develop normally only 
uhore Ijacteria or fungi are present to aid in the elaboration of raw food, 
so. in the case of many wood borers, fungi must be present to alter the 
cliaracter of the wood, thereby making the food materials available for 
the insects. In some cases, such as that of the ambrosia beetles, the 
fungus furnishes the entire food for the insect, and the galleries that are 
cut into the wood by the insects serve only for shelter and a place for the 
food fungus to grow. 

The success of an insect species is determined not only by the kind of 
food available when it is needed and by the presence of symbiotic organ¬ 
isms but also by the (piality of food a.s affected by soil nutrients. The 
lack of some element in the soil may affect the plants adversely but at the 
same time improve nutritional conditions for some insects, such as aphids 
(Ilaseman, 1950). 

Host Selection. Most species of forest insects are limited in their feed¬ 
ing either to one species of tree or to a more or less prescribed group of 
species. The locust borer, for example, feeds only on the black locust, 
the sugar-maple borer attacks only maples, the larch sawfly defoliates 
only larch, the Nantucket pine moth infests only pines, and the spruce 
budworm is confined to a comparatively limited group of conifers. 

When an insect attacks only one species of tree, its control presents a 
comparatively simple problem; when it is a general feeder, like the gypsy 
moth, the problem becomes more complex. Fortunately with many 
species that feed on a variety of hosts the problem is simplified by the fact 
that there is a strong tendency for an insect to oviposit on the host upon 
which it was reared. This is called Hopkins’s host-selection principle 
(Craighead, 1921), and it apparently holds true for many of the Ceramby- 
cidae, for some Scolytidae, and within certain limits for the spruce bud- 
worm. Further work along this line may show that this principle may be 
applied much more generally than is now known to be the case. 

Perhaps the operation of this principle has in the past ages given rise to 
new species by developing first biologic varieties limited to a single host 
and later to forms distinct morphologically as well. However this may 
be, whenever host selection occurs, control measures are simplified thereby, 
because each biologic variety may then be treated as if it were an indi¬ 
vidual species. 

PLANT PHYSIOLOGICAL FACTORS 

Trees possess certain physiological characteristics which result in pro¬ 
ducing, in varying degree, a certain real ability to resist insect attack. 
These characteristics, by making environmental conditions less favorable 
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for the insect than would otherwise be the case, increase tlie force of 
environmental resistance working against the insect. 

Rapidity of Growth, Vigorous rapidly growing trees suffer less from 
insect injury than do trees of the same species that are growing more 


slowly. Rapid growth ha.s a double 
effect: (1) It produces in the tree 
more resistance, both to attack and 
to injury, and (2) it shortens each 
developmental stage of the tree, 
thereby reducing the period of sus¬ 
ceptibility to the insects attacking 
each stage. 

Another characteristic that is 
often associated with rapid growth 
and serves as a protection against 
insect attack is the copious flow of 
resin and sap. This flow will drive 
out, or overwhelm and kill, almost 
any of the phloem borers before they 
can become established in the tree. 
Only when an especially vigorous 
tree is attacked simultaneously by 
large numbers of these insects is it 
unable to resist attack. Illustra¬ 
tions of resistance through vigor 
may be seen in any forest where 



dendroctonus beetles are working. 
When resistant trees are attacked. 


Fio. 14. Trees are not always killed 
when attacked by bark beetles. Some¬ 
times the tree recovers and overgrows the 


they usually become covered at each 
point of attack with pitch tubes, 


injury as illustrated above. {Bureau of 
Eul<ym<Aogy.) 


formed by hardened resin. Examination of these trees will show some 


beetles entombed in their resin-filled galleries whereas other tunnels are 
deserted. 


Other interesting examples of resistance to attack by vigorous growth 
may be cited. For instance, some of the buprestids, such as several 
species of the genus Melanophila, may deposit their eggs upon trees that 
are fairly thrifty. These eggs will hatch, and the larvae will penetrate 
into the bark. In order to develop, these larvae must feed for a period of 
time in the inner phloem and cambium, but they can feed only on the 
phloem of decrepit trees or freshly cut logs. Therefore when they reach 
the inner phloem of a healthy tree, they either die immediately or are 
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ba.k into tl,e t>ark, whom they die a lingering death^ 

T 1,<.>0 -mail hupiostid larvae frc<,uently have been "If .' , 

I,.irk of healthv jaek pine, hemloek, or pontlerosa p.ne, 1 he gal eiieh of 
Ihloem in-e.-ts are often fonml to be ot'ergrown by many years o wood.t 
Lrmvth imheating that an ohl attack ha.s heen ontgrown. Gal ones of 
n,e two-hned borer, the bronze bind, borer, and Melanophilu, cahformca 

are freouentiv thus overgrown. • * • 

Foliage Characteristics. Sometimes a tree species may resist insect 
,„a”k becat.se of certain characteristics of its foliage. The lack o syn¬ 
chronization between the spn.ee bndworm and the black spruce ^ 

well this kind of resistance. detailed disc.i.s.s.on of this relationship 
be taken up later, but it deserves mention here because it illustratc.s one 
t vpe of phvsiologi<.al resistance. When the young budworms emerge from 
hibernation, they require tender fresh foliage for food Ihe.r time of 
emergence is about 2 weeks prior to the opening of the black-spruce budsq 
consetiuentlv in a stand of black spruce the larvae are faced with a food 
shortage in the early part of the season. Some of them hnd the green 

tissues that thev require hy boring into a bud or by mining a 

many of them fail to do this and perish. Thus the presence of black 

snrure in u forest reduces buclworin abundance. 

'I'he w-liitc spruce also lias u means of reducing the number of budworm 
larvae feeding upon it. I'nlike the black spruce, the buds of the white 
spruce open at a time suitable for the budworm, but the white-spruce 
needles harden and become unpalatable before all the larvae can reach 
full growth Many of them perish when they are forced to leave the 
trees on which they have been feeding to seek more suitable food. Still 
another illustration of how a foliage characteristic may prevent the attack 
of an insect is the way in which the European elm leaf miner, Fenusa tilmt, 
is prevented from attacking American elm. The leaves of our native 
elms are much thinner than the European species and do not provide 
sufficient space to accommodate the full-grown miner. 

Distasteful Characteristics. Certain trees apparently po^ess immu¬ 
nity from insects because they are unattractive or actually distasteful to 
the insects. Exactly what these characteristics are is not known, but 
their existence cannot be doubted. They are often not possessed by all 
the individuals of a species to the same degree. Some trees may be 
immune to attack while a neighboring tree is highly susceptible. 

A striking example of the variation in this respect is to be observed in a 
certain plantation of Norway spruce on one of the forest properties of the 
University of Michigan. This plantation has been severely attacked by 
the eastern spruce-gall aphid, Chennes abiatis. Most of the trees are 
heavily infested, but others are absolutely untouched. Even when the 
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branches of an immune tree interlock with those of a heavily infested one, 
the immune tree will remain uninfested. 

Certain individual spruce trees in Europe exhibit a decided resistance 
to the attack of that much dreaded forest defoliator, the nun moth. The 
larvae refuse to feed upon the needles of these resistant trees Init, when 
branches are cut and placed in water for 21 hour.s, they will then be 
accepted as food. This may indicate that some volatile repellent sub¬ 
stance not present in other tree.s of the same species constitutes the active 
agency that prevents the insects from attacking the resistant individuals. 

BIOTIC FACTORS 

Biotic factors are the last of the limiting environmental factors to be 
discussed. In this group are included all interactions between organisms 
that result in the limitation of insect multiplication. The biotic factors 
that play important roles in environmental resistance are competition, 
parasites, and predators. 

Competition. It is possible for competition to occur either between the 
individuals of the same species or between different species. The final 
result in either case is the reduction of the rate of multiplication of the 
insects concerned. Among insects there is a continuously strenuous 
competition for food, space, and shelter. Of the three, competition for 
food probably ranks first in importance. There is normally a continu¬ 
ously abundant supply of food for all insects in the forest as long as no 
insect is present in outbreak proportions. In order that a continuous 
supply of food be available, only a comparatively small part of that which 
is in existence at any one time can be used. Food must be produced more 
rapidly than it is consumed, or the supply will eventually be cut off. This 
means that the forest trees can afford to supply other organisms with only 
that amount of food which thej' are able to produce in excess of their own 
requirements for maintenance and growth. If the amount of food taken 
exceeds this surplus amount, the balance between production and con¬ 
sumption will be temporarily disturbed. Thus under normal conditions 
the insects are using only this surplus and not the entire available supply. 
At such a time there is no real competition for food, inasmuch as other 
forces of environmental resistance are holding down the number of indi¬ 
viduals to a point where no scarcity of food exists. 

At a time when some insect species temporarily increases in number to 
a point where an outbreak may be said to exist, the situation is changed. 
Then the insects are no longer feeding only on the surplus but are actually 
using up the capital. Under such conditions keen competition occurs, 
chiefly between the individuals of the same species. There can be only 
one result: sooner or later, if the insect outbreak is not checked by the 
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■iction of .some out.sidc controlling influence, the entire supply of food will 
brcorne exhausted. The trees having; been killed, the insects that are 
dependent upon them for theii' food either starve or are forced to migrate 
to new locations. Thus competition for food has reduced their numbers. 
ICxtreme competition of this sort between the larvae of the same species 
characterizes tlie final stages of outbreaks of the birch skeletonizer, 
iiuccuhitrix canadcnsisvUa, of the forest tent caterpillar, Malacosoma 
(lisstria, and the spruce budworm, Ckoristoneura futniferana. 

Competition for food exists not only between insects of the same species 
but also to a lesser degree between species. An illustration of this inter¬ 
specific competition is given in Fig. 15. 



Kio. 15. Corarnbycid and dendroctonua tunneb id the phloem of pine, illustrating com¬ 
petition Iwtween these iiisecte. The increase of dendroctonus beetles is often prevented 
by their eoinpetitors. 


Similarly two different species of bark beetles may compete directly 
with one another for the same food. Recent studies in Michigan have 
shown that, when wind-fallen spruce trees or spruce logs are attacked 
simultaneously by the eastern spruce beetle, Dendroctonus piceaperda and 
Ips perturbatus, direct competition results. Since ips beetles develop the 
more rapidly, they soon destroy the dendroctonus brood. Only in trees 
or logs too moist for ips can the dendroctonus succeed. Evidence is 
plentiful in support of the contention that species with identical needs and 
habits cannot live together. 

Competition for space is an important limiting factor among some 
groups of forest insects. Competition of this type is sometimes very keen 
among the phloem insects and also among the wood borers. For instance, 
the number of white-pine weevils that can reach maturity in a terminal 
shoot of a pine sapling is directly proportional to the circumference of the 
shoot (Graham, 1920). This is due to the habits of the insect. The eggs 
are laid near the top of the leading shoot, and the larvae work downward 
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side by side in the phloem, encircling; tlio shoot. If a single larva works 
ahead of the others, it is quickly overwhelmed and killed by the resin 
exuded into its tunnel. As the larvae increase in size, they become more 
and more crowded, are finally forced out of line, and are loft to starve. 
Thus only those that remain in line can .survive. The number of larvae 
maturing cannot be greater than the number that can lie side by side 
around the shoot. Many bark beetles of tlie family vScolytidac are 
limited in a similar way. Usually competition is between larvae, but 
occasionally in cases where all stages of an insect are living in a limited 
environment—as do the bark beetles and 
ambrosia beetles—there may be competition 
for space between adults and immature 
stages. 

In nature this competition for space is 
usuallj' difficult to evaluate because other 
kinds of competition operate simultaneously. 

Only by carefullj' controlled experiments, in 
which space is the single limiting factor, can 
the true effects be demonstrated. Many 
such experiments have been made with in¬ 
sects and various other animals; the results 
of these all indicate that whenever competing 
individuals are limited by restricted space a 
definite population equilibrium develops. 

The population level is characteristic of the 
species and is attained regardless of the 
initial number of individuals (Crombie, 

1946). If too numerous, the population 
will be reduced; if too few, the organisms will increase until the number 
characteristic of the species and the space is attained. In the case of 
forest insects, the number of young produced is usually in excess of the 
equilibrium number. Competition for space causes the elimination of 
part of the juvenile population. 

Sometimes the abundance of forest insects is limited by competition for 
suitable shelter. The abundance of termites or of carpenter ants is 
definitely limited in certain instances by a scarcity of places in which to 
build their nests. With most forest insects, however, if food is sufficient, 
shelter is also available, for the insect’s shelter is usually made from the 
same material that is used for food, from the bodily secretions of the 
insect, or from a combination of both. 

Predators and Parasites. The effect of predators and of parasites in 
producing environmental resistance is so nearly .identical that it seems 





Fio. 16. Arrangement char¬ 
acteristic of iho larvae of the 
white-pine weevil as they work 
downward in the terminal shoot 
of white pine. 
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-MvisuMo <o .lis< uss tluMii tot^ethor in older to avoid repetition. These 
two (■h)selv allied factors constitute an important part of environmental 
n>sisfince' In fact, some authorities feel that they are more important 
,,11 otlu-r factors combined. Most authorities, however, do not 
aaree with tliis estimate of their importance (Howard. 1921)), but all 
admit that without the control exerci.sed by these beneficial in.sects, 
almost all in.sect pests would be more serious than tliey now are. 

Hotli parasites and predators fee<l upon insects. According to common 
usage, a parasite obtains its food from its liost without killing it directly; 
in entomological usage, however, the host is u.sually killed. Insectivorous 
parasites are found in many groups of organisms; tungi. bacteria, pro¬ 
tozoa. nematodes, and various arthropods including insects. Of all 
the.se, the parasitic insects have re<-eived mo.st attention from entomolo¬ 
gists. However, the destructive effect on in.sects of the other parasitic 

forms is receiving increasing recognition. 

Insectivorous predators are also found in many groups of animal life, 
birds, mammals, reptiles, ampliibians. and most important of all. otlier 
insects. 'I’hese insectivorous predators always kill their prey and are 
equal to the parasites in tlieir importance as hiotic factors of environmen¬ 


tal resistance. 

Between parasites and predators no stage in the development of an 
insect is free from attack. E\'on though the eggs of insects are generally 
very small objects, tliey have both their predaceous and parasitic enemies. 
No matter how carefully they are liidden, some of them are almost ceitain 
to he found and destroyed. Insect eggs furnish a staple article of diet for 
kinglets, nuthatches, and chickadees. After watching one of these 
insectivorous birds searching the trunk and branches of the trees in the 
winter, it is easy to believe that they are extremely effective in reducing 
the number of insects that pass the winter in the egg stage. Insect eggs 
are attacked by parasites as well as by predators. Even the eggs of small 
moths, such as the Nantucket pine moth, are large enough to provide 
sufficient food for the development of a tiny parasite. During 192G, in 
the Bessey Plantations at Halsey, Nebr., about GO per cent of the summer- 
generation eggs of this pine moth were parasitized. Careful examination 
of the eggs of aphids, tussock moths, tent caterpillars, or almost any other 
insect proves that many of those failing to hatch have been perforated 
with the exit hole of one or more parasites. 

In spite of the activities of both predators and parasites in destroying 
the eggs of insects, there is usually an ample supply of larvae produced to 
cause a decided increase in the insect abundance. But predators and 


parasites also attack the larval stage. Even the larvae of wood borers 
are not entirely safe, well protected though they are by the wood in which 
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they are tunneiing. Woodpockor.s dig tliem from their tunnels; some of 
tlic ichneumon flies, by inserting their long ovipositors through the wood, 
succeed in parasitizing them; some of the predaceous beetles follow them 
into their tunnels and destroy them there. 

Larvae of defoliating insects, and other in.sect.s exposed on the surface 
of plants, are attacked by a host of enemie.s too numerous to mention. 
Insect parasites, predaceous insects, and birds all take their toll. When 
the larvae drop to the ground either accidentally or, as many do, to pre¬ 
pare for the pupal stage, they expose them.M'lves to the attack of the 
terrestrial predators. Shrews, mice, skunks, ants, and ground beetles 
are all very fond of insect food and seize hungrily upon any larvae they 
find. The greatest reduction in insect numbers by predators and para¬ 
sites probablj' occurs during the larval period. 

Insects usually seek secluded places for pupation, man}' spinning 
cocoons to protect themselves during this (juiescent period. But well 
protected as they may be, many of them are killed. Parasites of the 
pupal stage are not common, although many larval parasites emerge as 
adults while their hosts are in the pupal stage. Predators of this stage, 
however, are plentiful. Insectivorous birds and insects feed upon the 


pupae aboveground and small mammals, for example, shrews, mice, and 
skunks dig up and eat those in the ground. 

After insects have passed through all the developmental stages and 
become adult, they are still subject to attack by both parasites and pre¬ 
dators. The parasites of adults are common enough but seldom kill the 
host. Those most freciuently observed are mites and nematodes. Pre¬ 
dators of this stage, on the other hand, are most important. Birds, 
shrews, voles and other vertebrates, predatory insects, and spiders, all 
feed upon the adult stage. 



CHAPTER VI 


POPULATION LEVELS 


Tl.r , 1 ,'tual level of insert populations at any time or place is determined 
l,v the interaction of reproductive potential and environmental resistance^ 
This chapter considers some of these interactions and their results. The 
importance of inscid numbers lies in the fact that the capacity o an 
insect species to injure trees is in direct proportion to the number of that 
insect in the forest. When its population is low, a potential pest is 
innoi uous, whereas the same insect may cause tremendous devastation 

wlion its population is high. 

RTOTIC BALANCE 


When the astonishing ability of insects to reproduce is considered, it is 
nothing short of amazing that our forests are not damaged far more than 
is actually the case. Hut the fact remains that our natural forests 
usually develop to maturity and are not destroyed by insects. This fact 
demonstrates that nature ordinarily maintains an equilibrium "hich, on 
the average, prevents insects from increasing to a destructive level. 1 his 
condition of equilibrium is called the biotic balance. 

Insect numbers fluctuate from year to year and from season to season, 
but their varying numbers and the elements of the environment are so 
eciualized that survival of both trees and insects continues. Thus m the 
struggle for supremacy between different forms of life, there is a deadlock. 
The number of each insect species varies from year to year, but usually 
within restricted limits. Biotic balance is, therefore, an oscillating and 
not a static equilibrium. It is a condition wherein, on the average, repro¬ 
ductive potential and environmental resistance are equal. 

Weather conditions, the number of parasites and predators, and avail¬ 
able food, all change continuously. As a result, the number of individ¬ 
uals in each forest species varies from time to time and from place to 
place, but usually the amplitude of the variations is not great and the 
numbers oscillate about a mean point. The importance of this oscillating 
equilibrium cannot be overemphasized. It is only under such a balanced 
state that long-lived organisms exist at all. The life of a tree extends 
over 100 years or more; sexual maturity is attained after many years of 
growth. Such long-time processes, obviously, presuppose generally 
favorable environmental conditions extending through centuries of tune. 
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It should not be inferred from tliis discussion, however, that the same 
environmental conditions remain constant, or even relativelv constant, 
throughout the life of any individual forest tree. Obviously the eco¬ 
logical picture gradually changes as the trees pass from infancy to old age. 
It has already been pointed out that trees of dilTerent ages arc attacked by 
different insects. Likewise different plants and animals are associated 
with each age class of trees. Thus, in considering any tree or small group 
of trees, we are dealing with only a segment of the complete environmental 
comple.x. Only on a large forest area, with a normal distribution of age 
classes and their associated flora and fauna, is the environmental complex 
complete. Then each element of the complex is operative, but in different 
spots at different times. As one factor ceases to operate in one spot, it is 
replaced by another. Thus the balance is maintained. 

EFFECTS OF ENVIRONMENTAL RESISTANCE 

In order to maintain a balanced condition, the force of environmental 
resistance must differ for insects with different reproductive potentials. 
For instance, if an insect produces 100 eggs per female and the sex factor 
is 0.5, then the reproductive potential of 50 must be matched by an 
environmental resistance of 50, if the population is to remain constant. 
Similarly, if a species has a reproductive potential of 200 individuals, the 
environmental resistance must be sufficient to destroy 200 individuals, 
including parents, for each individual of the parent generation. If the 
forces are not equal, it is apparent that the population will either increase 
or decrease. The difference between the number of individuals in one 
generation and the next, after the force of environmental resistance has 
taken its toll, determines the rate at which a species will increase or 
decrease. Thus the number of each succeeding generation will equal the 
number of individuals at the beginning of the generation, times the repro¬ 
ductive potential, minus the environmental resistance. 

Compensation between Factors. If a species is to remain in relatively 
constant numbers in successive generations in spite of changes in the force 
of different factors of environmental resistance, it is apparent that the 
changes in resistance factors must be compensating. This is proved by 
the fact that more than 95 per cent of the forest-insect species in a locality 
continue to be present year after year in approximately the same num¬ 
bers, in spite of variations in the individual factors of environmental 
resistance. 

An excellent specific illustration of this compensation of resistance 
factors was observed by the author in a study of the jack-pine sawfly, 
Neodiprion banksiana. For 6 years, under favorable food conditions the 
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*.A.r Durinc two seasons there 

"father and a parasitic disease; 

« as a cund.inati..n ^ propor- 

E2:trSbt.rr r 

..■■riuns, .... tl.o otl.er hand, pt.ysifal resistance .s high, and h o c 
i 'i '.aliia. is lairrespondiiiglv low. In other words, increased blot c 
resistaiice coinpe.isates for lack of physical resistance in the tropics, «hile 
pl.y.-ical resistance compen-sates for biotic resistance m the colder localities 

^'zones'of "Abundance. The physical factors in a locality follow a 
spccilic p-itlcrii. TI.ev act upon all the insects in a locality regardless of 
■ , ,. i,„, Their elhcf effeet is to determine whether or not an 

I„7ct species can persist in an environment. Cook (1929) has analyzed 
tl.c cITect of physical factors on in.sccts and divides the range of a species, 

i;„o several concentric zones. In the most favoraWe por- 
li,m of the range lies the zone of normal abundance, within which physical 

are invariably favorable for the “P."""7"7rd!o777nd birt^ 
la.-aks are controlled or prevented by the action of nutritional and biotic 

factors of cnvironmontal resistance. • u- i 

Outside this zone lies the zone of occasional abundance, m which the 

plivsical conditions are always sufficiently favorable to permit ‘h® 
to'survii-e, but only occasionally will favorable vartations perm, them to 
liccomc abundant. Within such areas, continually favorable niches 
(l.’lton 1927) occur in which the insects maintain themselves as they 
would in t he zone of normal abundance. From these niches they spread 
when favorable weather variations permit. In this zone, the abundance 
of the insects is regulated in the niches by biotic factors, and in the usually 

unfavoral^le part of the zone by weather conditions. 

Next comes the zone of possible abundance in which conditions are 

usuallv .so unfavorable that the insect cannot maintain itself, except when 
favorable weatlier variations permit invasion from a more favorable zone^ 
When weather conditions return to normal, the insects that have invaded 
the zone are destroyed, .\nother zone might well be added, called the 
zone of possible occurrence, within which physical conditions are never 
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sufficiently filvorable to permit tlieinsfcl to l)e('oni(* numerous, hut within 
wliicli it might occasionally he found in favorable niches. 

Physical factors are especially important in dc'K'rmining the disiiibu- 
tion of a species either by permitting it to. or by j)reventing it fi<jm. 
occupying a given place. Tlie succe.ss or failure of a species outside th(‘ 
zone of normal abundance depends on tlie distribution and size of the 
favorable niches, (he physical environimaital resistance being in\(‘rsely 
proportional to the area occupied by tlie lavoi'able niches. It is appaiauit 
that an insect is not likely to become economically imjjortant throughout 
its entire range and that outbreaks will .s(‘ldom. if e\’ei\ occur outside^ the 
zones of normal and occasional abundance. 

Density Dependence. Freijuently the value of a certain factor of 
environmental resistance may vary with tlie population density of the 
insect against which it is working. U’lien the population of the insect is 
at one level, a factor of this kind mav be relativelv inelVective in reducing 
the insect’s numbers, whereas, at another population level, it may be very 
effective. Smith (193o) has given the name densily-dejiendent to such a 
factor in contrast to the physical factors previously discus.sed, which he 
terms density-independent. I>ensity-dependent factors operate most 
effectivelj’ against relatively high populations and corresjxmdingly less 
effectively against low populations. For instance, insect species tliat are 
parasitic or predaceous upon other insects and entomogenous disease- 
causing organisms usually increase their efficiency at high host density 
and decrease in efficiency at low host density. The rale at which (his 

V V 

efficiency increases with host density determines the population level at 
which parasite and liost will reach ecpiilibrium. Thus a parasite that is 
able to produce a high rate of mortality in its host at low density will, if 
other things are equal, be economically efTective, whereas another parasite 
that increases more slowly in efficiency with increa.sed host density may be 
relatively ineffective. 

Birds, as well as other vertebrate predators, are density-dependent. 
Unlike parasites and disease-causing organisms, birds are most efficient in 
retarding insect increase when the prey population is relatively low, but 
still numerous enough to offer an attractive reward for hunting. This is 


especiallj' true during the breeding period when the birds are conlined to 
their breeding grounds, where their rate of increase is limited by their 
seasonal and spatial requirements. Territorial requirements limit to a 
certain number the nesting pairs that can live and breed in an area; during 
the breeding period, birds cannot increase their numbers at an unusually 
rapid rate to take advantage of an unusually abundant food supply. 
Therefore, birds are effective as resistance agencies up to the point at 
which their nutritional requirements are satisfied by the insect population 
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on whicl. thcv are feeding. Wi.en, liowever, tl.e insect population exceeds 
,l,nt arnonnt'wl.ich the birds can eat, the,se vertebrates cease to exercise, 
,|„i ing tlic breeding sea.son, any important re.stnctive influence. 

hLoc tivoroiis mammals, such as shrews, skunks and voles res noted 
as tliev are to limited areas, operate much as do birds. Although t y 
eat more individuals of a certain prey when it is numerous than «hen it is 
not their own population is relatively so limited that they are unable to 

exercise much iiinuenee when the insects are very abundant. 

\t dilTerent population levels of a certain insect, the elTects of verte¬ 
brate predators wotild be as follows. At low levels the insect would not 
provitle a satisfactory reward for hunting and would be taken only 
castiallv by birds and mammals on their breeding areas. At a someahat 
higher population level, the insect would become sufficiently plentiful to 
reward the hunter sufficiently to encourage special attention, and predator 
pressure would increase in direct proportion to the insect population 
The maximum resistance would prevail at the point where the nutritional 
requirements of the predatory species were satisfied. Above this point 
the effect of vertebrate predator resistance would dimmish with increased 
population of the insect. From this it is evident that within their breed¬ 
ing territory insectivorous birds and mammals, unable to increase their 
populations beyond a definite density, are most valuable m preventing 
low populations from growing to large proportions, but are usually ineffec¬ 
tive in reducing insect numbers once their prey has multiplied m excess of 

the predator’s nutritional requirements (George, 1948). 

At seasons other than the breeding period, birds show a density- 
dependent reaction by concentrating in areas where their prey is most 
numerous. A good example of this is the wdnter congregation of wood¬ 
peckers so common in localities where bark beetles are abundant. 
Similarly, chickadees, nuthatches, and kinglets exercise, during wmter 
months, valuable environmental resistance functions.* 


OFFSETTING ENVIRONMENTAL RESISTANCE 

Most insect species are provided with protective devices that assist 
them in overcoming the effects of excessive environmental resistance; 
thus they are able to maintain their level of population under temporarily 
adverse circumstances. The influence of these protective forces varies 
directly with environmental resistance. Under optimum conditions, 
when environmental resistance is inoperative, their value in maintaining 
numbers is zero; when the factor of environmental resistance against 

‘ Webb (unpublished) found that small birds, operating in areas where the insects 
were abundant, destroyed ns many as 70 per cent of the overwintering larvae of the 
larch caaebearer, Coleophora laricella. 
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which the device is operative is at its peak, the protective value is also 
highest. The various protective factors are discussed individually in the 
following sections. 

Insurance of Mating. It has previou.sl}' been pointed out in our dis¬ 
cussion of reproductive potential that the .sexual type of reproduction is 
most commonly found among in.sects and that mating of the two sexes, 
therefore, is necessary to the survival of mo.st species. It has also been 
shown that insects which reproduce sexually lla^’e a lower reproductive 
potential than equally fecund .species that are parthenogenetic. There¬ 
fore, if the former type is to keep on any equality with the latter, mating 
must be assured. The very necessity for mating, demanding as it does 
close proximity of the sexes, means that the physical factor of space may 
result in raising the value of environmental resistance for a bisexual 
species more than for a parthenogenetic one. Consequently, imsects 
reproducing sexually need something to ofTset their relatively low values 
for reproductive potential and high values for environmental resistance. 

This they accomplish by means of a number of modifications and 
adaptations for bringing the sexes together. IVIany moths are attracted 
to the opposite sex by odors given off by that sex. A glandular structure 
on the back of the male tree cricket provides a delectable feast for the 
female, and its odor lures her to the male. Stridulation among the 
Orthoptera and other orders is frequently a means of attracting the 
opposite sex, and experiments have shown that the flashing of fireflies 
serves to aid the male in locating the female. All these adaptations tend 
to ensure mating with consequent reproduction of the species. 

Care of the Young. After mating, insects continue their struggle 
against the forces of the environment. They have developed a number of 
devices for the protection of their eggs and young by which they offset to 
a certain extent the destructive forces of environmental resistance. Care 
of the eggs or young by the adults is one of the means by which this is 
accomplished. Care of the young is usually associated with the higher 
animals, but nevertheless it manifests itself in primitive ways among some 
insects. The highest development of this protective function in insects 
is usually found among the social forms, particularly among the Hymen- 
optera and the Isoptera; even among the solitary species, carpenter and 
leafcutter bees for example, it is strikingly developed. 

When an adult insect selects and deposits eggs on the host tree upon 
which the larvae naturally feed, she is showing a primitive type of care 
for the young. Such care is exhibited by chrysobothris and other 
buprestids. In the cracks where they are placed, the eggs are incon¬ 
spicuous and, therefore, not likely to be disturbed before they hatch. To 
this extent parental care is ch^facteristic ofTnost species, although'there 
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:,re -some, sneh as walkir.sstieks. u hi<-h drop tlieir eggs without regard to 
l(,i-atioii. C’ar(‘less species, sueli as tliese, must have a very liigh rcpro- 
.luciive potential if they are to survive, because many of their young will 
almost (-(M tainly starve before finding suitable food. Such careless insects 

are very .'^eldom serious pests. 

\Iaiiv moths, sucli as the gypsy im)tli and tlie tent caterpillar, cover 
, heir eggs with a protective material. This covering not only protects tlie 
from excessive evaporation luit. in .some ea.ses, also makes them 

limit tractiv(‘to l>irds. . . , , 

Oru' ('}Tccti\ e device for protecting tlie welfare ot the young is illustrated 
bv some of the Uiptera that are larviparous. Tliese insects hold their 
rg-s within their bodies until after tlicy hatch. Then they deposit the 
l iiwaf' upon the host. Thi.s is true of some of the Tacliinidae, many of 
whicli are parasitie upon tlie larvae of forest insects. The young of 
larviparous species have a mucli better ehance of entering an active host 
tlian do tiic oviparous Hies, since tlie eggs of the latter may lie rubbed off 
or nuilti'd olT the host’s liody before they have had time to hatch. 

With tlie exception of the social species, parental protection of the 
young hi‘vond the selection oi a proper feeding place is rather rare among 
forest insects. In most instanees the larvae, having been placed near a 
supply of food, must sliift for tliemselves. The mother aphid and the 
mother tiiigitid are usually found near their young and are sometimes said 
to guard them, but it is doubtful if this proximity is an example of 
parental care. More likely it is a question of convenience. In social 
species, liowever, occur many striking examples of most meticulous care 
for all immature stages. It is not the mother but definitely designated 
workers that usually care for the young in these social groups. The 
motlicr, moanwliile. attends strictly to the process of oviposition. The 
young of hotli carpenter ants and termites are fed and cared for in this 
manner. In the ant nest, the young are carried from place to place in 
order to keep them under the most favorable conditions possible. 

Defense. From the foregoing, it is evident that a primitive type of 
parental care is common among forest insects. It is also evident that the 
degree of care is not sufficient to ensure survival of the species. Other 
means of protection are, therefore, needed. 

Some species are provided with disagreeable odors or flavors, making 
them distasteful to predaceous animals and serving as means of defense. 
The pentatomids and other plant bugs, certain beetles, and somebutter- 
flies are notable examples of insects possessing this means of defense. 

Many insects are protected by their inconspicuous coloring or form. 
Few observers of nature have failed to notice how most insects blend into 
their background. Even some of the most gaudily colored species are 
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comparatively inconspicuous in their nulutal sjinoundin^s. Proteclive 
coloring and protective form are so cliaracteristic of inscats as to be 
obvious to the most casual observer. 

There are three types of protective appearances (Ij Tiie color pattern 
of the insect’s markings blends into the surroundings. Leafhoppors, 
aphids, imderwing moths, and many other insects (‘xemplify tliis protec¬ 
tive coloration. (2) The in.sect re.sembles some part of the j^lant on whicli 
it lives. There are many well-known examples of this sort of protective 
re.semblance: treehoppers. walkingsticks, and spanwoims. (3) The* 
re.semblance is to some other in.sect that is either (list 
insect predators. This last metlnjd of protective re.semblance is known 
as mimicry (Gerould, 1910), one of the most common example's being 



Fiq. 17. A caterpillar of the fir tussock moth. As with otlicr species of tlie yroup. this 
larva is armed with venomous spines. 


that of the viceroy butterfly, which is almost a perfect replica of the 
monarch butterfly, a species that is said to be distasteful to birds. 

In addition to the various means of defense already mentioned, many 
insects are provided with mechanical contrivances for defense. 1 he 
heavy exoskeletons of many beetles make them less vulnerable than if 
their bodies were soft. The sharp and sometimes venomous spines 
possessed by many caterpillars serve as a defense against insectivorous 
birds. Other mechanical means of defense may be mentioned; for 
instance, the strong mandibles of many forest insects. These are ready 
weapons of defense and are frequently used efTectively. Another power¬ 
ful weapon with which some of the Hymenoptera are provided is the 
venomous sting. By means of the various methods of defense, insects 
are often able to prevent the normal reduction of their numbers resulting 
from the action of environmental resistance. 

Use-of Shelter. Some forest insects are able to evade at least partially 
the force of environmental resistance by retiring into shelters of various 
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sorts. Slioltor protects insects to some degree against changes of ^^eather 
and also makes them less easily found by their enemies. I hese shelters 
may be constructed of silk or wax secreted by the insect itself or of other 
ina'terial-s such as sticks, stones, wood, or eartli, or of combinations o 

these materials. . , r -i- 

One type of insect shelter with which everyone is more or less familiar 

is the cocoon. By means of this structure, the pupa is protected 

its period of quiescence. Some insects when m the larval stage build 
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Fio. 18. A single cocoon of the fir tussock moth. The silken cocoons are spun by the 
Inrvae to shelter the helpless pupal stage from many potential enemies. 


cases of silk and other materials for their protection throughout the 
developmentpl period. The bagworms, for instance, carry a case about 
with them from the time they hatch until they are fully grown. As the 
larva grows, the case is enlarged to accommodate it. The female bag- 
worm never leaves the case but lays her eggs and dies therein. 

The spruce budworm and some others of the same group construct 
another kind of shelter. During the larval period they work under a 
light web of silk that they spin. The tent caterpillars and the fall web- 
worm build nests of silk into which the larvae retire. Other species, such 
as the armored scales and the woolly aphids, are sheltered by their own 
waxy secretions. 



P0PULAT1().\ AATA/.-S 


85 


Some species of insects make use of their food material for slieltcr 
Leaf miners are sheltered between the upper and lower cuticula of the 
leaves m which the}^ feed. Cynipids. 

gall aphids, and gall mites find both 
food and shelter in the abnormal plant 
growth for which they are responsible. 

The bark-mining and wood-boring in¬ 
sects are well sheltered in their tunnels 
and galleries. 

Certain insects, such as rhagium 
and pytho, construct pupal cells of 
frass and chips beneath the bark, 
thus forming an effective shelter for 
the pupae. From these examples, it 
becomes evident that insects make 
use of many different types of shelter 
to aid them in overcoming environ¬ 
mental resistance. 

Locomotion. When an insect is 
threatened by a parasitic or preda¬ 
ceous insect or by unfavorable condi¬ 
tions of moisture or temperature, it 
has two choices: (1) It ma 3 ’^ remain 
quiescent, trusting that its enemy will 
not notice it or that the temperature 

or moisture conditions will remain within its range of tolerance, or (2) 
it may try to escape. * 

Adult insects are, usually, well provided with the necessary means of 
locomotion to permit escape. Most of them possess both legs and wings, 
which they use effectively. By means of these appendages, they are able 
to escape either from their enemies or from locally unfavorable physical 
conditions of the environment. Furthermore, the ability to move about 
quickly helps to bring together the se.xes, thus ensuring successful mating. 
The power of locomotion also helps the insect in its search for food, often 
makes possible effective distribution, and helps the insect to place its 
eggs in a location favorable to the larvae. 

Larvae, on the other hand, are generally much less able to move about 
from place to place. None of the immature stages of insects have func¬ 
tional wings, wdth the exception of the May flies which have a subimago 
\vinged stage. Larvae must, therefore, depend primarily upon their legs 
for locomotion except as they are carried by birds, other animals, vehicles, 
or wind. Some of them have well-developed legs and can move about 



Fig. 19, A cui^e of the overgreon bag^ 
worm. The larva curried tins case 
about through the feeding period, en¬ 
larging it from time to time, and was 
finally tranjdformcd to tlic pupa within 
It. Thus, throughout the develop¬ 
mental stages the insect provided its own 
shelter. 
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ruj)iclly but othors. tiu' fatorpillars and grubs, for instance, can move only 
slowly. I'\('n tlii.s al)ility to move fcobly makc.s it po.s.sible for many of 
llicin to .secure more favorable eondilion.s of moi.sture or temperature, 
or to im])rove tlieir food conditions. This is true of practically all insects 
tliat fe(‘d on the vsurfaces of plants. 

In addition to the u.se of their legs, many lepidopterous larvae have 
another means of locomotion useful for protection. The larvae are able 
to spin very rapidly a thread of silk on which they can drop out of harm’s 
way. .\ larva hanging by its thread can later, when it is safe to do so, 
return to its original position. 

The miner.s and borers, on the other hand, are greatly re.stricted in their 
movements. Only a lew species, such as the carpenter-moth larvae, can 
move back and forth in their galleries. The others must take what 
comes. Such insects, having a limited sphere of activity, are confined to 
those locations where the e.xtremes of environmental conditions always 
li(‘ within their zone of toleration. The motile species, because they are 
better able to adjust themselves to changing conditions, have a much 
widei' lange of acti\’ity. and when conditions become unfavorable in one 
place they move to another. 

Migration and Dissemination. At some time during the year almost 
every in.sect species passes through a period of local dissemination. Then 
the individuals move out in various directions in search of favorable new 
locations. This movement usually occurs during the adult stage, but in 
some instances it may also occur during the larval stage. As a result of 
this movement from centers of concentration, almost every suitable 
bree{Iing place will receive its share of insects. Sometimes this dissemi¬ 
nation is very limited in distance. For instance it has been found that 
the walking-stick, Diaphcromcra femorala, because it is wingless and not 
especially active, moves out from centers of infestation at the rate of only 
‘s mile per year (Graham, 1937), whereas the western pine beetle, Den- 
droclonun hn-vicomis, may fly miles from the trees in which it developed. 
In a few instances in.sects ma,v migrate from north to south in the autumn, 
as do migratory birds. Also some insects move northward in the spring 

as the season advances, and breed far north of the areas where they can 
winter. 

1 lie efficiency of insect distribution can w'ell be illustrated in any large 
coniferous forest area that has been killed by fire in the spring of the year. 
Even though the area of killed trees may be 100 square miles or more, 
practically every suitable tree will be infested with its complement of 
borers; monochammus, ips, chrysobothris, certain siricids, and other sub¬ 
cortical and -xylophagous insects. There could not possibly have been 
present before the fire enough adults to reproduce the multitude of borers 
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found m the area after the fire. It is evident, therefore, (hat tliey flew in^" 
from surrounding territory. Tlie omnipresence of certain leaf eater.s in 
every suitable location is still further proof of the general distribution of 
at least the more common species. The .search for food or for a suitable 
place for o\’iposition is the chief cause ol dissemination: but. apparently, 
even when food and places for oviposition are abundant, insects may still 
move about. 

The de.sire to move to new locations seems to be inherent. Dis¬ 
semination is a means by which the intensity of local environmental 
resistance may be reduced. The value to the species of the ability to 
move out from centers of concentration is inestimable, becau.se the more 
widely a species is distributed, the less likely is it to be wijjcd out by some 
local adversity. Some insects migrate, within the same locality, from one 
host to another, Frequently this involves the alternation of hosts, the 
insects tran.sferring their activities from one host to another and later 
returning to the original host .species. Tliis sort of migration is common 
among aphids and chermes. Some in.sects, for example, some ladybird 
beetles, move from low to high altitudes in late summer and autumn, 
returning to lower elevations in the spring. 

Dissemination of insects is often aided and directed by air movements. 
Winged insects may be carried upward by convection currents and drift 
for many miles before returning to the earth. The influence of the pre¬ 
vailing wind accounts for the more rapid spread of insects in North 
America from west to east than in other directions. The occasional 
flights of insects observed far from possible breeding centers are likely the 
result of air movements combined with peculiar atmospheric conditions 
which stimulate the insects to take wing. 

Freeman (1945) points out that heavy winds are not likely to produce 
dissemination because the insects take shelter and refuse to fly under such 
conditions. Insects are likely to be most numerous in the air when the 
wind is under 12 miles per hour, the relative humidity above 54 per cent, 
and the air temperature at least C4®F. As a result, dissemination occurs 
most frequently on warm summer evenings. 

Ever-increasing amounts of evidence prove that many wingless insects 
are carried aloft in air currents and transported long distances. Many 
have special adaptations that aid in air transportation. For example, 
some young caterpillars are provided with long hairs that increase the sur¬ 
face exposed to air currents without materially increasing the weight. 
Others spin a free thread on which they are capable of ballooning for long 
distances. 

Tropic Responses. Some insects possess other characteristics that are 
advantageous in the struggle for existence. These abilities relate to 
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roacfions. cjilled tropic responses, that result in the orientation of the 
insect's i)ody in relation to some physical or chemical stimulus. For 
instance, w lien one of the ho\'er flies habitually heads into the wind, it is 
exhibiting a tropic response: anaemotropism. Species living near the sea, 
by responding anaemotropically, may prevent themselves from being 
l)lown awav from land and tlius becoming reduced in numbers. 

I’:xam|)les of other types of tropic responses are numerous. Ladybird 
beetles, when seeking a place to hibernate, are positively thigmotropic; 
ll>at is, tljey respond positively to the .sen.se of touch and, by creeping into 
cracks wher(‘ their l>odies are in close contact with surrounding surfaces, 
they en.sure their safety. Many in.sects respond either positively or 
negatively to chemical stimuli and are then said to be either positively or 
negati\cly chemf)tropic. Insects that turn toward the light are posi¬ 
tively phototropic, whereas those that turn away are negatively photo- 
tropic. Tlio.se that seek out sunny places are po.sitively heliotropic 
whereas those that shun the sun are negatively heliotropic. 

'I'he.se terms are descriptive of how insects respond to e.xternal stimuli, 
riiey d(j not in any way explain why insects react in certain ways. In 
order to avoid the common error of trying to e.xplain the cause of certain 
reactions merely by giving tho.'<e reactions a name, it must be kept clearly 
in mind tliat tlie terms are dc.scriptive rather than e.xplanatory. 

'I'lirough many generations, natural .selection has brought about a 
.survival of those in.sects which have come to respond in ways that are 
favorable to the .species. Thus it is that tropic responses have had during 
tlie course of evolution an important influence in determining how success¬ 
ful an in.sect will be in overcoming environmental resistance. The insect 
that orients itself to environmental forces so that it is most likelj’’ to be 
favored is much more likely to survive than one that is erratic in its reac¬ 
tions or one that fails to react at all. Some authorities think that prac¬ 
tically all the activities of insects are the results of tropic respon.ses: even 
if this is not entirely true, it cannot be doubted that tropisms play an 
exceedingly important part in the life of insects and that they determine 
to a large degree whether or not an in.sect will thrive. 

Effect of These Protective Devices. From the foregoing discussion, it 
is evident that an insect’s abundance depends not only upon the reproduc- 
tive potential of the species and the amount of environmental resistance 
but also upon the inherent ability of each insect species-to meet and reduce 
in various ways the force of environmental resistance. Like other 
inherent qualities, this ability varies with different species. Its value also 
differs with varying conditions. Under optimum conditions, the ability 
of insects to overcome environmental resistance is not needed and is, 
therefore, inoperative. But when pressure is so increased that this 
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ability is needed, its operation becomes more and more important until 
finally under conditions of extreme environmental pressure it may be so 
important as to determine whether or not a species may survive. Thus, 
by acting with increasing power as environmental resistance increases and 
with decreasing power when resistance is reduced, the ability to overcome 
enviionmental resistance tends to stabilize insect numbers and to reduce 
extreme fluctuations in abundance that otherwise might occur as a result 
of fluctuations in the environment. 


HIGH POPULATION LEVELS 

Damage by insects is almost always the result of e.xcessively high popu¬ 
lation levels. Usually these are temporary in character, occurring for a 
season or a few seasons and then subsiding. When a decided upswing in 
population level of an insect occurs and injury to trees or products results, 
'>\e say that outbreak conditions prevail. \ ery often an insect outbreak 
is referred to as an epidemic. Although that term should be applied only 
to human populations, its use has become so common in forest entomo¬ 
logical literature that it seems permissible to apply the term to insect 
outbreaks. 

Continuous Abundance. Although damage by insects is usually 
associated with outbreaks, there are a few instances when injury is not 
associated with any marked upswing in abundance of tlie insect concerned. 
Such insects are always present in sufficient abundance to cause injury to 
any materials that are exposed to them. In instances of this sort, the 
biotic balance has been e.stablished above the point at which economically 
important damage will result. 

Examples of continuous abundance arc not common among insects that 
attack living trees, but they are not unusual among species that attack 
various kinds of wood products, freshly cut products, lumber or partially 
manufactured products, and wood in use. For instance, in the forest 
there is always an abundance of borers ready to attack any freshly cut 
green materials. Similarly, in localities where termites cause damage 
there are always enough of these insects present so that any susceptible 
piece of wood, left in contact with the ground, will almost certainly be 
attacked within a year. 

Endemic Populations. In some forests, conditions are favorable for 
certain insect pests so that their activities are always evident, although 
their numbers are not increasing and are not sufficiently high to cause 
enough damage to justify the application of control measures. This 
situation is referred to by forest entomologists as being endemic. Endemic 
infestations are best illustrated in overmature pine stands in which a 
moderate number of trees are succumbing each year to bark-beetle 



00 


FOUES T EX TOMOLOa Y 


attack. An oiulomit* infestation has been (iofined as one in which the 
annual losses are less tliaii the annual growth of tiie trees, as expressed in 
inereliantal)le voluim* {Salman and I’ongherg. 10-12). 

'I'his detiiiition is suitable when applied to bark-beetle infestation.s but 
will not lit .some other conditions. For example, in pine plantations in 
the Lake states, wlien a few trees are infested with sawflies. an endemic 
eoiulition is said to prevail. Or when any defoliating insect i.s present in 
ustial numbers, the infestation is endemic. Thi.s situation should not be 
(•onfus(‘d with incipient conditions which exi.st when the insect population 
is on t he increase but is below t lie numbers retiuircd to cau.se economically 


.'^erious injury. 

Outbreak Conditions. An insect outbreak is a temporary condition 
cliaraeterizjal by excessive insect numbers and injury to valuable mate¬ 
rials. Outbreaks may be either of two kinds: sporadic or periodic. A 
sporadic outbreak i.s one tliat appears suddenly in a .small or restricted 
ar(‘a, lasts a single season, and then subsides. Sporadic outbreaks are 
usually as.sociatcd with changed conditions, often the result of man’s 
activities. The.se changes are usually temporary in character and result 
in the brief flare-up of an in.sect population, followed by a return to nor¬ 
mal. .V good illustration of this type of outbreak may frequently be 
observed when coniferous trees are cut to clear a right of way or when 
logs are <iecked temporarily in the woods. Hark beetles will be attracted 
to the freshly cut material. If more are attracted than can find space in 
the cut wood, they may attack and kill nearby green trees. Also, 
beetles emerging from the cut materials may kill a few trees. Usually 
little or no brood is produced in the attacked trees, so the beetle popula¬ 
tion disappears. 

IN*riodie outbreaks arc far more serious. They are characteristic of 
many defoliating in.sects that bocome injuriously abundant at more or 
le.ss regidar intervals. Example.s of these are the spruce budworm, the 
liemlock looper, and the tus.sock moths. These outbreaks may occur at 
su.sceptible stage.s as a result of certain weather conditions or as a result 
of changed biotic resistance. The length of time between periodic out¬ 
breaks is often determined by the time required for the forest to recover 
from a previous outbreak and develop once more to a susceptible stage. 
Periodic outbreaks are usually catastrophic in character and often result 
in the ^lostruction of a considerable part of the attacked forest. They 
constitute some of the most important and difficult forest-insect problems. 
Their control, jis we shall sec later, depends on man’s ability to maintain 
comlition.s in the forest that are, in general, unfavorable to large popula¬ 
tions of harmful insects. 
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Causes of Outbreaks. Outbreaks ol insects are the result of some 
environmental condition that temporarily liisturbs the biotic balance. 
If. instead of the usual compensatory fluctuations in the factors of environ¬ 
mental resistance, a change should occur that would lower the combined 
effect of the re.sistance factors for any insect, an outbreak of that insect 
would be inevitable. Relieved of the resistance pressure that had held 
its numbers down, the insect would reproduce rapidly and soon come to 
dominate its environment. 


The numbers attained by insects when they reach outbreak proportions 
are almost beyond belief. For instance, the larvae of the forest tent 
caterpillar, Malacosoma disstria, were .so abundant during an outbreak in 
Minnesota, that they almost covered the ground when they dropped from 
the trees, and tlieir crushed bodies on railroad tracks reduced friction to a 
point that a train once stopped could not start again. Often thread¬ 
spinning caterpillars in outbreak numbers will cover ground, stumps, and 
trees with a mantle of silk built from the threads that the larvae spin as 
they move about. Once started, an outbreak will continue until the force 
of environmental resistance destroys the pest, and the balance is restored 
at a low population level. 

Usually the cause of an outbreak may be found within the forest where 
the epidemic occurs, but in rare instances circumstances in one locality 
may contribute to an outbreak in anotlier. For instance, a disaster to 
migrating birds occurred in 1909 and again in 1910 in southern Minnesota, 
Wisconsin, and Iowa owing to an unseasonable late .spring freeze. The 
birds, cspeciall}' warblers, died by the thousands. Although no observa¬ 
tions were made during the following years on the nesting grounds in the 
coniferous forests to the north, there must have been a material reduction 
in nesting birds for a season or more. It is significant that an outbreak of 
the .spruce budworm occurred in the area of these nesting grounds in 1912. 

Ecological Significance of Outbreaks. In the following chapters the 
causes leading to the development of specific outbreaks will be discussed. 


We shall see that outbreaks are sometimes the result of overmaturity or 
decadence of the trees in the forest. Sometimes they are the result of our 
attempts to grow forests in a manner contrary to nature’s laws. Some¬ 
times they are the result of poor tree health due to excessive competition, 
poor site conditions, and various other undesirable situations too numer¬ 
ous to mention at this point. Almost invariably, outbreaks follow the 
development of unsteady environmental conditions. After the outbreak, 
when the excessive insect numbers have subsided, the environmental 
complex will have become more steady than it was immediately prior to 
the outbreak. 
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'I'lie outbreak of insects, therefore, is one of nature’s means of restoring 
a tempnranlv disturbed biotic balance. Insects are useful, in the 
natural order of the forest, as a means of eliminating overmature or 
decadent tree.s. as a means of eliminating species from sites to which they 
are not suited, as a mt'ans of thinning stands that are too dense, and as a 

means of improving stand composition. 

rnforlunately the actions of insects, in performing these functions, 
will often run contrary to the desires and needs of man. Nature’s way 
may be good in the long run. but it is wasteful economically. The insect 
outbreak may be effective in correcting an undesirable condition, but it 
will be more sensible for foresters to manage the fore.st so that the unde¬ 
sirable conditions that lead to outbreaks will not develop. In the follow¬ 
ing chapters u'c sliall show how this can often be accomplished and how 
losses occasioned hy in.scct outbreaks can be avoided. 



CHAPTER VII 


DIRECT CONTROL OF TREE INSECTS 

Insect control may be defined as the regulation of insect activities in 
the interest of man. It includes practices of all sorts that arc directed 
toward that end. Some of these activities will be corrective and some 
preventive, but all will aim at the same ol)jective. 

CERTAIN ASPECTS OF CONTROL 

Purpose of Control. The purpose of control is to avoid economically 
important injury, and the success of any control operation must be meas¬ 
ured in terms of the value of the products protected. Usually the aim is 
not the eradication of the insect but rather the reduction of its numbers 
below the level of injuriousness. Eradication should be attempted only 
when the pest is newly introduced and dangerous. One conspicuous 
reason for this attitude toward eradication is the cost. To eradicate 
completely a native insect is so prohibitively expensive that it has never 
been accomplished. 

Eradication of a native insect should not be attempted for another less 
obvious rea.son. There is a fundamental biotic principle that any niche 
left vacant will soon be occupied by some organism; and that organism is 
likely to be a species similar to the original occupant. Therefore, if we 
eliminate one insect pest, another similar one, previously present in small 
numbers and now relieved of competition, will become a pest in place of its 
former associate. Thus by eradication we would solve one problem only 
to create another. 

If we can hold the pests within reasonable bounds but still permit them 
to be present in such numbers that they can continue to compete success¬ 
fully with their subordinate associates, the biotic balance will be main¬ 
tained. By so doing we should accomplish control in an ideal manner. 

Outbreaks of forest insects result from disturbance of the biotic balance. 
Conversely, as long as the balance can be maintained, outbreaks are 
impossible. In its simplest terms, therefore, the purpose of control is to 
maintain the balance between the pests and the trees at a level below the 
threshold of serious injury. 

Of all the influences disturbing the balance, the activities of man are 
the most far-reaching and important. The cutting of trees, the building 
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of tcails uihI roads, tlu* construction of Ijuildiiigs, the drainage of land, the 
danitning up of \vat(>r. all tliese, and in fact practically all man’s activities, 
tend to mollify or clunigc cnviromnental conditions, thercV)y increasing or 
diMTcasing the prol)ahihty ol outbreaks. 

d’ho value of the forest to man depends upon the use he can make of it. 
Obviously, he cannot use it without causing .some disturbance. Never¬ 
theless. every possible elTort should be made to carry on his activities so 
that the balance will be disturbed as little as possible. Through under¬ 
standing and care it is possible to make all the neces.sary changes in condi¬ 
tions and yet to a very large e.xtent maintain the biotic balance. ^Ve have 
seen that that balance is maintained only when the two opposing forces of 
reproductive potential and environmental resistance are etpiul. There¬ 
fore whenever it becomt's necessary for man to remove or reduce the effect 

of anv one or more factors of resistance, he must increa.se or substitute 
% 

other factors of eijual force. This is what is done when we carry on con¬ 
trol measures. We merely substitute one .set of resistance factors for 
another set that lias been removed. 

(lood illustrations of this point are common in agriculture. For 
instance, the C’olorado potato beetle. Leptinutarsa ekeemlineata. under 
natural conditions was kept in check by food and other limitations. The 
individual i)lants of the native species of solanum upon which it fed were 
scattered, and con.seijuently the difficulties and dangers attendant upon 
finding food were great. As a result, enough beetles were lost so that the 
number per unit area remained low and approximately stationary from 
year to year, thereby producing a balanced condition between the beetle 
and its host. When potatoes came to be cultivated as a field crop, food 
became so abundant that it ceased to be a limiting factor. Under the 
new conditions, the beetles that drifted into potato fields found that 
almost any plant upon which they chanced to alight provided suitable 
food, and risks connected with hunting for food were much reduced. In 
cultivated fields, therefore, this formerly innocuous species became an 
important pest. Obviou.sly it was impossible to grow potatoes in a mixed 
stand and restore the forces of resistance that originally existed. There¬ 
fore it became necessary to introduce some other limiting factor. To 
accomplish this, potato plants are now sprayed or dusted with poison, 
toxic to the beetle but not to the plants. As a result a now balance, even 
more favorable to the potato than the natural conditions, has been 
established. 

Cost of Control. Like everj' other forest operation, the application of 
forest-insect control must be looked upon from the business point of view. 
The material saved by the application of control measures must justify the 
expense involved. The cost of control must be less than the loss that 
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would have occurred had no protective measures l>een applied. The 
lower the value of the trees or wood pioducts to be protected, or the 
smaller the margin of profit, the smaller will be the amount that can 
justifiablj’^ be expended for protection. 

The forest entomologist must keep these economic re(juiremcnts in 
mind when he is called upon to decide whether or not control is justified 
in a specific instance. As a rule, the nearer the ultimate product, the 
more valuable the materials become. In the earlv vears of a forest rota- 
tion, the value of the trees is comparatively small. At that time even 
small injudicious expenditures may easily wipe out the entire expected 
profit. The value of mature timber justifies greater expenditure for its 
protection than does the value of younger trees; the value of partially 
manufactured products warrants a greater expenditure than does standing 
timber: and in the protection of manufactured wood products a still 
greater expenditure is justified. 

The .strictly economic values, however, are not the only considerations. 
Trees may have very real values in checking soil erosion, or for aesthetic 
purposes. These indirect values must be taken into consideration along 
with commercial values in planning for their protection. Where trees 
are used to prevent the erosion of soil on steep slopes and watersheds, 
their destruction means not only the loss of a certain amount of wood but 
also damage through erosion of hillsides and silting of reservoirs. Such 
damage may be so great that, by comparison, the loss in wood may 
appear infinitesimal. Under such conditions, larger expenditures for 
protection than in the timber forests are justifiable. Similarly, parks, 
roadside forests, and ornamental trees have an aesthetic value far in 
excess of the value of the wood produced. This value is estimated by 
some of our best landscape architects and tree surgeons to be So per cir¬ 
cumferential inch for well-placed perfect ornamental trees of the best 
species. A better way to estimate the value of ornamental trees would 
be to determine the price that the owner would be willing to paj' for their 
replacement. 

The forest entomologist will frequently be faced with some difficulty 
in making evaluations for control purposes. He can easily calculate the 
approximate cost of a certain control operation, but when he attempts to 
decide whether or not the expenditure is justifiable in terms of the values 
involved, his problem is not always simple. On watersheds and where the 
aesthetic considerations are paramount, the values are so great that 
almost any practicable control expenditures are justified. The only ques¬ 
tion then is whether he can raise the required funds. In commercial 
forests, on the other hand, he must be able to determine the actual 
monetary worth of the products saved before he can decide with con- 
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fiflonce to apply a rcrtain oontrol procedure. The difference between the 
amount saved ancj the loss expected without control represents the 
monetary value of the operation. Xaturally, control should not be 
recommended if this difference is a negative value. In such a case, some 
less ex[)ensive control method must be used, or the insect loss must be 
accepteil as unavoidable. 

I']stiinating the expected loss is not always easy and must be based 
largely on experience. Xot infrecjuently the needed experience is lacking. 
'I’luui one can only judge from what is known about closely related species. 
Hut a well-trained forest entomologist should, in mo.st cases, be able to 
judge ai)proximately the amount of injury that a certain infestation is 
likely to cause. In many instances he should be able to estimate this 
with a high degree of accuracy. The amotmt of injury will depend upon 
the kind of insect, the forest type, and the site conditions. This subject 
is discussed further in the various chapters dealing with special insect 
gro\ips. 

Another important matter bearing on control is the length of time that 
treatment will protect trees from the particular pest in question. How 
many times during a rotation must treatment be repeated? Usually this 
(juestion cannot be answered with certainty, but there are some principles 
that will .serve as guidance in securing a reasonably correct answer. For 
instance, if the control operation changes the forest composition so that 
it is no longer favorable for the pest, the control measure will not need to 
be repeated. Conversely, if the treatment leaves the forest in the same 
•susceptible condition as before, another outbreak can be expected within a 
few years, the number depending mostly upon the insect’s reproductive 
potential and the weather conditions. For example, spraying a planta¬ 
tion to control sawfly does not change the character of the stand, and 
another treatment may be necessary within a few years. Repeated 
treatments in the same tree rotation are likely to be prohibitively 
expensive. 

From this discussion we see that the forest entomologi.st must know 
not only how a forest insect can be controlled, but also when it is profitable 
to apply a certain measure. Decisions on the latter require knowledge of 
the expected severity of injury, the values involved, whether or not con¬ 
trol will be permanent, and the cost of control operations. 

On the basis of justifiable cost of control, forest insects are divided into 
three major divisions: (1) forest pests, (2) ornamental-tree pests, (3) 
forest-products pests. Many of the same insects may be active in each 
division, but the methods of control will be quite different. The problem 
of the forest entomologist is to develop not only wavs by which insect 
ravages may be checked but also methods that can be applied- economically 
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under specific conditions. lie must continuously bear in mind that the 
control measure he recommends must show a profit in tlie long run, if it 
is to be justifiable. 

Classification of Control Measures. Method.s tliat can l)e used for the 
control of tree insects ma 3 ' be classified into more or less arbitrary groups 
as follows: 


A. Direct Control. Operations aimed directly at tlie insect for tlie piirpo.se of immedi¬ 

ate suppression. 

1. Mechanical methods: 

Collectings trapping, destroying infested nmterials, harking to destroy 
broods, heating, 

2. Biotic methods: 

Predators and parasites used for immediate suppression. 

3. Chemical method.s: 

Dusting, spraying, fumigating, u.sing j)oisonous bait. 

B. Indirect Control. Operations designed to modify environmental factors to secure 

ultimate limitation of insect numbers. 

1. Chemical and meclianical methods: 

Modifications of food supply, moisture conditions, and temperature condi¬ 
tions. 

2. Biotic methods: 

Competition, introduction or encoviragemeiit of parasites and predators. 

3. Silvicultural practices: 

Regulation of composition and density, selection of site, regulation of drain¬ 
age, selection of resistant varieties and species. 

4. Statutory regulations: 

Quarantines, embargoes, inspection, and certification. 

Naturally the early attempts at insect control were prompted by emer¬ 
gencies, As a result they were direct or suppressive. Later, the possi¬ 
bilities of using preventive practices were realized and various means of 
creating conditions unfavorable for insect pests were devised. The prin¬ 
ciples involved therein are thoroughly discussed by Wardle and Buckle 
(1923). Direct methods curb outbreaks but do not change the conditions 
that made the outbreak possible; therefore, their effect is temporary. 
Indirect or preventive methods create conditions unfavorable for out¬ 
breaks and, therefore, are more permanent in character. This lasting 
quality is a matter that deserves serious consideration in planning forest 
practices. 

The remainder of this chapter and the two following chapters will deal 
with the various methods of direct control, leaving a discussion of indirect 
control to Chaps. X, XI, and XII. 

DIRECT CONTROL BY MECHANICAL METHODS 

Many of the mechanical methods of direct control had their origin in 
Europe and are still largely in use there. In the United States, where 
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lai)or costs arc much higher, these methods have often been proliibilivc. 
'I'lieri' are. liowcver, times when mechanical methods can and should be 

us(m 1 to control insect jK'sts in this country. 

Collecting Insects. One of the most obvious methods of insect control 
is the direct attack upon the pest by <'olleeting and destroying it duiing 
some one of its stages. Such methods are. of course, expensive and can be 
use<l only under particularly favorable circumstances. Numerous 
instaru’cs. however, where insect outbreaks have been held in check by 
these means could be cited, particularly in Europe. Also, in .some of our 
.\merican cities, ornamental-tree pests have been controlled in this way; 
foi' instance, in Minneapolis an incipient outbreak of the white-marked 
tussock moth was checked through the cooperation of Boy Scouts and 
otlier school children with the civic authoritie.s in collecting and destroy¬ 


ing the egg masses ot that defoliator. 

One of the methods frequently recommended for controlling the white- 
pine wo(‘vil is the collection of the adult weevils in the early spring during 
tlie feeding period that precedes the period of oviposition. The beetles 
are knocked olT the pines into a net by jarring the terminal shoots. Such 
a method may be practicable on ornamental trees, but it is too expensive 
to use in forest plantations. 

Trapping Insects. Many ingenious devices for trapping insects have 
been de\ eloped by entomologists, such as pits or furrows, light traps, bait 
traps, trap logs, and trap bands. Tlie use of trap pits or furrows is com¬ 
monly recommended in Fmropean literature for the capture of insects that 
spend at least part of their active life on the ground. Owing to the 
excessive labor cost, this method has seldom, if ever, been used in American 
forests. Trapping by means of lights has been used to some extent in this 
country, hut unfortunately it has not proved very successful, because the 
insects attracted to lights are largely males. The few females that are 
cauglit by this device have in many cases already deposited their eggs. 
Gravid females are seldom attracted in large numbers to ordinary lights. 
Experimental work indicates that control by such trapping may, in some 
instances, be improved by using colored lights. Some insects are attracted 
by one color and some by another. Traps baited with some attractive 
food material or chemical have been somewtiat more successful in captur¬ 
ing females. Such traps have been used, especially in experimental work, 
wMth such insects as the oriental fruit moth, the gypsy moth, calosoma 
beetles, and the Japanese beetle. 

Fermented sugar or molasses baits are generally attractive to many 
insects, but rapid advances are being made in developing baits that are 
more or less specific for certain insects. For instance, geraniol is espe¬ 
cially attractive to the Japanese beetle; traps baited with this chemical 
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are used to indicate the presence or absence of the lu'etle in a locality. 
The principle of almost all in.sect trajjs is >imilar. The insects, attracted 
to the trap by light or chemical, are guided into the trap through a narrow 
slot. Once in.side they cannot find their way out. In the trap they arc 
usually poisoned and fall into a container from which they can ea.sily he 
removed. Further developments in methods of trapping adult in.sects 
before they have laid their eggs may provide foresters with an effective 
means of in.sect control. 

In European forests, trap logs and trap trees intended to protect stand¬ 
ing timber from the attack of bark beetles are sometimes used. The 
principle involved is that certain species of the.se beetles prefer freshly 
cut or girdled tree.s to healthy uninjured trees; as a result, (hey will deposit 
their eggs in freshly cut logs or girdled trees provided by the forester for 
this purpose. Later the broods of beetles in tliese traps can be destroyed 
by barking the logs or by utilizing them. This method has not been much 
used in America, but it is quite po.ssible that it may eventually find a 
place in our ultimate plan of in.sect control. 

In the control of certain of our ornamental-tree pests that tend to con¬ 
gregate in secluded places during some portion of the day, loose bands ot 
burlap or other material placed around llie tree trunks are sometimes 
used. The insects will gather under the protection of the band where 
they can easily be destroj'cd in large numbers. Tliis method is, of course, 
applicable onlj' to ornamental and shade trees. 

Destroying Infested Materials. In forest entomological literature one 


of the most frequent recommendations for the control of bark beetles and 
wood borers is to cut and burn the infested portion of the tree. Doubtless 
this is an effective means of control provided that practically all the 
infested trees in u community arc so treated. Conscquentl 3 ^ cutting and 
destroying the infested portion of trees should become a community con¬ 
trol method. One insect that might be controlled by this method is the 
two-lined chestnut borer. If by community cooperation all dying trees 
were cut before the beetles emerged, an outbreak of this insect could be 
checked. This method is, however, primarily of use in protecting orna¬ 
mental trees and fore.st products and will always have a limited applica¬ 
tion under forest conditions. 

Barking to Destroy Broods. In certain cases, notably in the control 
of (iendroctonus and other bark beetles, the barking of cut or standing 
trees has been employed to destroy the broods of these injurious insects. 
Removal of the bark is sufficient to kill those species that spend their 
entire developmental period between the outer bark and the wood. For 
those bark beetles which pupate in the outer bark, it is necessary to follow 
removal of the bark with further treatment, such as burning it or exposing 



100 


FOiaCST FSTOMOLOGY 


It to tlio direct rays of tlio sun. Opcration.s of this sort aro designed to 
reduce tlie nurnher of beetles to a point where the few that remain cease to 
be a inenae(‘ to tlie surviving tree.s. 

Application of Heat. Tlie use of heat to kill wood-boring insects is 
o<-casioually applied in the forest, hut it i.s more freciuently employed to 
kill forest-i)roducl insects in furniture factories and other wood manufac¬ 
turing plants. In the wo<k1s solar energy provides the .source of heat. 



OeQ C obove oir temperoture of r>oon 

ViG. 20. The effect of sunlight intensity on the subcortical temperature of logs at noon at 
approxinmtcl>' 47^ N. latitude. Light intensity is expressed in per cent of the maximum 
observed for the season. Therefore, in lower latitudes and comparably bright sunlight 
percentages, the subcortical temperatures would bo higher. 


Temperatures beneath the bark on the top side of logs lying in full 
sunlight frequently exceed the fatal temperature for log-inhabiting insects. 
These temperatures exceed the temperature of the surrounding air in 
direct proportion to light intensity (Graham, 1920). If logs lying in 
bright sunlight are turned every week or two during warm bright weather, 
is possible to destroy all insect life in the surface layers (Craighead, 1920). 
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For this solar treatment to be suece.ssful. the log.s must be exposed on all 
sides to the full force of the sun’s rays. 

In manufacturing plants, kiln treatment is the simplest and most con¬ 
venient method for destroying insects in wood. In standard practices the 
kiln temperatures practically always exceed the fatal ])oint for wood- 

June 1923 
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Fio. 21. The influence of shade on the sul)cortical temperature of similar logs. 


boring insects. Even the lowest kiln-seasoning schedule, with tempera¬ 
tures ranging from 105 to 115°F., has proved efTcctive in killing certain 
species (Craighead, 1921). The higher schedules appear to be effective 
against all wood-inhabiting insects (Craighead, 1950). 

DIRECT CONTROL BY BIOTIC METHODS 

Although biotic factors in insect control are generally used indirectly, 
there are some instances wliere their use is aimed directly at immediate 
suppression of a pest. When biotic factors are employed in this way, 
they are classed as direct means of control. Numerous attempts to apply 
biotic methods directly have been made, but most of them have never 
passed beyond the experimental stage. In a few instances, however, 
these efforts have been more or less successful. Some of the successful 
cases have been so striking in their results, that probably we shall see a 
much wider application of this kind of control in the future. These 
future developments will use predatory insects, parasitic insects, bacteria, 
and, perhaps most important of all, viruses. 
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Illustrations. The most striking example of the successful direct appli¬ 
cation of biotic methods to the control of an insect pest is to be found in 
California. In the citru.s orchards of that state, the mealybug, Pseudo- 
rorcifs (jfdniiH, has been a most serious pest. l*rom 1918 to 1929 it was 
(‘iTectively contiolled by the direct use of a predatory beetle, a eoccinellid 
called Cn/i>fv((n mus monfrotizuri. .\ccording to Smith (1925, 192GJ and 
Compere and Smith (1932), the use of this method passed beyond the 
('\[)erinu‘ntal stage and proved itself to be not only effective but also 
much <‘heaper than chemical or mechanical methods. 

l lie procedure followed in California has been to rear these predaceous 
l)eet les in large numbers and lib(*rate them in the infested orchards in suffi¬ 
cient (|Uantities to destroy the mealybugs before they have caused much 
damage. Special insectaries for the rearing of the beetles are operated in 
stialegic locations from the proceeds of the sale of the beetles reared. 

1 fin ing I he .season of 1929. over 14 million beetles were produced by these 
laboratories and, as a re.sult. tlie mealybugs were effectively controlled 
ovei' an orchard area of about 75,000 a(*i*os. 1 he total cost of this work 
was a|)proxirnatcly 8125,000. The beetles were not liberated in every 
orchard in the infested region but were concentrated in those that were in 
danger of serious injury. If it is a.ssumed, as Smith does, that one-third 
of the orchards were actually treated, the cost per treated acre was about 
■85. If. liowever. the co.st was spread over the entire area affected, the 
cost per acre was only $1.00. These costs have, of course, increased with 
ri.-^ing labor and other expenses, but no later figures are available. When 
compared to spraying, which cost, in 1029, from S25 to 830 per acre for one 
application, the expense of the biotic method is very low indeed. 

M pre.sent, cryptolaemus is not being used so extensively as formerly, 
because the eitiophilus mealybug has been brought under excellent 
indirect control by the introduction of two very effective internal para¬ 
sites. Coccophagufi (jurncyi and Tetracnemns pretiosus, introduced from 
.\ustralia in 1928. The use of cryptolaemus is now mostly limited to the 
control of another somewhat less injurious mealybug. Nevertheless, it 
still remains one of the most striking illustrations of how a predatory 
species may be used diroctlj' for the control of a noxious species. 

Several other predatory insects have been liberated for the direct sup¬ 
pression of forest pests. For example, 300 ladybird beetles were collected 
in Minnesota and released in a red pine plantation in Michigan, to control 
an outl)reak of the pine tortoise scale. The results were highly satis¬ 
factory, the scale being eliminated from the treated plantation in a single 
season. Insects of the genus Chrysopa are another highly predatory 
group. They have been reared in quantity and liberated for purposes of 
suppressing aphid outbreaks (Finney, 1950). 
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Attempts have been made to rear and utilize* parasitic insects in the 
same way. Trichogranuna mittuOnn, a tiny parasite*, has l)e'(*n tli(> 
subject of much .successful cxpcrimonlaTie)n. 'J'lie* (’anaeliaii Parasite 
Laboratory is lia\’ing some success in rearing and distril)uting paiasites of 
certain pests for the direct control of these insects in greenhouses. Alse) 
the same iaborator\" rearce.1 and releas(*d microplectron, a parasite of the* 
European spruce sawHy, for the purpose e)f direct, as well as indirect, 
control. The effect of the release was ob.scured by the spi'e-tacular effect 
of an introduced virus that brouglit tlie pest uneler alnie)st complete 
control. 

The direct control of insects by u.se of eli.sease-producing fungi has usu¬ 
ally failed. Hewitt, in Canada, tried to use an enlomog(*nous fungus in 
forests that were being injured by the larch sawfly, but unfortunately the 
attempt failed. One instance where a fungous disease was used with 
apparently successful results again.st an agricultural pest might be men¬ 
tioned. In the Central states a fungus was distributed for the purpose of 
checking a chinch-bug outbreak and was followed by the destruction of 
the bugs. It is, however, the consensus of opinion that this may easily 
have been a coincidence. The .spread of the disease was apparently made 
possible by favorable weather coiulitions. Inasmtich as the di.sease 
organism was already pre.sent in the region, the favorable weather that 
occurred might have been sufficient in it.self to have made possible the 
fungous epidemic that destroyed most of the chinch l)Ugs. 

Research with viruses has produced hope that these may soon be used 
directly against outbreaks of forest insects. Important contributions, 
leading to a better understanding of what viruses are and how they work, 
are coming from laboratories in Europe and America. Canada has a 
well-equipped insect pathology laboratory which is paying special atten¬ 
tion to the virus diseases of forest in.sects. 

Bacterial diseases likewise provide the forest entomologist with mate¬ 
rials for the direct control of forest in.sects. The so-called milky disease 


of the Japanese beetle illustrates the possibilities of using bacteria for 
insect control. The larvae, in the ground, are infected wlien they ingest 
the spores with their food. The rate at which the disease spreads, there¬ 
fore, is directly related to the number of larvae in the soil. Thus, under 
outbreak conditions, the disease spreads most rapidly. 

Obstacles. The success of fungous diseases in reducing insect abun¬ 
dance depends so much upon favorable weather conditions that the use 
of these organisms offers comparativ'ely little promise. Similarly air¬ 
borne bacterial infections are influenced by weather conditions. Other 
organisms not so dependent upon the weather may ultimately be used. 
Soil-inhabiting bacteria and viruses seem to offer the greatest promise. 
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Thi' succcssl'iil ii.so of insect parasites and insect predators depends 
upon tlie possibility of leurint; them on a large scale at a reasonable cost. 
If it wvfi' not for difliculties in the tcchnitpie of rearing these organisms, 
we should now be able to use them extensively in direct control. Another 
ol)'<tacle to l)e o\'ercome is the difhcidty of pro\ iding a stifhcient (piantity 
of suitable food to make wholesale rearing possible. This is no ea.sy task. 
Artificial or partly artificial food has been used for rearing various 
insects, 'riiercfore, the development of artificial food formulas for para¬ 
sitic or [)redatory in.sects seems entirely po.s.sible. 

In the rearing of the pretlaceous beetle, cryptolaemus, in California, 
tlie fooil problem was solved in a very ingenious way. Alcalybiigs can 
b(' produced in large numbers by feeding them upon potato sprouts. By 
making u.se of this cheap and easily handled food for producing ade¬ 
quate (|uaiitities of tlie beetle’s prey, cryptolaemus was reared very 
inexpensively. 

If it liad been nece.^sary to rear the mealybugs on citrus trees in order 
to pro\ idc food for tlie predators, the rearing expense would have been 
proliiliilivc. Struble in an unpublished report in 1938 described the 
succo.ssful use of the fly larvae as a food for certain predatory beetles that 
attack bark beetles. Various artificial media that are both cheap 
anci easily obtained are being used to feed parasites and predators 
experimentally. 

.Vltliuugb no obstacle presents so great a difficulty as the provision of 
suitable food, otlier difficulties stand in the way of large quantity produc- 
I ion of para.sitos or predators. For instance, it may be difficult to provide 
conditions suitable for mating (Jones, 1926), or transportation of the 
insects to the localities where they are needed may present difficulties. 


Tlie proldem of synchronizing laboratory production of parasites with 
the development of the pest in the forest so that a maximum supply of 
tlie beneficial species will he on hand at the proper time must be solved. 
But most of these difficulties can be overcome by the use of modern cold- 
storage eip'.ipmont. 

Tlie use of biotic agencies for the direct control of forest insects, there¬ 
fore. has real possibilities, even though at present they have not been 
fully explored. The future is almost certain to witness an increased use 
of biotic methods for direct control. 



(’IIAPTKK \ III 

DIRECT CONTROL BY CHEMICAL METHODS 


In the foregoing chapter it was sliown that, witii a lew exceptions, 
biotic methods of direct control are not y(‘l de\ eloped to a point where 
they can generally be applied, but that mechanical methods are being 
used in a number of instances where the cost is not prohibitive, ^\'e arc 
now ready to consider the most generally used methods of direct control: 
chemical methods. 


APPLICATION OF CHEMICALS 

The use of chemicals for the control of insects has had a phenomenal 
development since 1808, when paris green was first used against the 
Colorado potato beetle, LvpHnotarsa dcc<nflincata. Since that time 
insecticides have been improved aiul perfected to such an extent that 
chemical warfare against insects has come to be almost universal. Lor 
many years its use in the control of tree insects was limited to ornamental 
and orchard trees. Because of the higli costs involved in applying insecti¬ 
cides and because of the inaccessibility of forest lands, chemical control 
was little used in forests. Today, however, the development of new 
machines for applying concentrated spray materials has reduced costs 
greatly. Nevertheless these new machines have by no means replaced 
the older types that spray the insecticides in greatly diluted solutions or 
suspensions. The various methods of applying insecticides to trees will 
be discussed in the following sections. The difTerent types of eciuipment 
are numerous and many new modifications of each type are continually 
appearing; therefore this discussion will be limited to a consideration of 
general methods without describing specific models or designs of 
machinery. 

To Ornamental Trees. Although the cost of treating forest trees witli 
old-type sprayers is prohibitively high, it has always been practicable to 
spray ornamental trees with these machines. The chief advantage of 
the old-type sprayer is the high degree of accuracy in control of tlie spray. 
It is also cheaper in original cost and much safer when used by inexperi¬ 
enced workmen. 

The spraying of tall trees with the old-type sprayers, however, requires 
the use of heavy and expensive eejuipment: large-capacity tanks, special 
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nozzles ;i!ul spray jpins. and sufncient length of high-pressure hose to 
exU'iid h-oni a road to tlie infested trees. The spray lirjuid is discharged 
from tlie nozzle at from JOO to 3.30 pounds pressure, at a rate of from 30 
to .30 gallons per minute. Specially flesigned nozzles discharge a solid 
slif'am that breaks into a fine mist in the air. I'or tail-tree spraying the 
c(ui\ <'nt iona! sprayers are mounted on a trailer or truck and are equipped 
with a tank holding at lea.st 1.30 gallons of spray material. Some tanks 
iiold as mueh as .300 gallons, if the macliine is designed to be used on good 
roads. Since the long ho.se re(|uired to reach the trees causes a great 
retluctioii of prt'ssure between tbe pump and tfie nozzle, the pump pres¬ 
sure must be at least .300 and sometimes as much as 1,500 pounds. For 
small trees less elaborate Ofiuipmerit ade{|uatc. Trees up to 30 feet in 
height can be treated witii any of the power machines used in orchards. 

(’urreiit literature contains mueh detailed information on the numerous 
types of spraying cfiuipment. Heferences in Enfoma, published bienni¬ 
ally bv the .\meriean .Vs.soelution of Economic Entomologists, serve as an 
cNcelh'iit guide to this subject. Low vegetation and small trees can be 
treated witli a poisonous du.st instead of a lifpiid spray. The various 
dusting machines range in .size from the small hand dusters that hold a 
j)ound or less of the insecticide to the elaborate power dusters used in 
field and oreliard work. Even with the most powerful machinery it is 
im))raetieal to throw a column of dry dust to the tops of tall trees. Fur¬ 
thermore, dusting i.s wasteful of materials and cannot be accurately con¬ 
trolled. Therefore, dusting from the ground is not often used for the 
control of tree in.sects. 

To Forest Trees from the Ground. Spraying equipment suitable for 
use in forests has been developed to a high point of efficiency. Small 
accessible trees are treated from the ground with either dusts or liquid 


sprays. For this purpose, dilute sprays are most often used. 

The knapsack sprayer or back pump is one of the most common types 
suitable for the hand treatment. In treating scattered infestations in 
forest plantations, hand treatment from the ground is sometimes the 
least expensive procedure. The back pumps, used for fire fighting, can 
be adapted for this work by equipping them with nozzles that deliver a 
spray instead of a stream of liquid. Another type of sprayer used fre¬ 
quently for hand spraying is the compressed-air sprayer. This type is 
more difficult to carry than the knapsack sprayer, but it is just as efficient. 

The chief objection to both the knapsack and the compressed-air 
sprayers for use in forest plantations is the large quantity of water needed 
for dilution of the insecticide. The time involved in frequent trips to a 
dispensing point for a load is a major item of cost in a back-pack opera¬ 
tion. Even in using power sprayers it is difficult to supply adequate 
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water for dilution of spray materials. In order to reduce the amovint of 
water needed for spraying, special atomizers have been designed to liandle 
concentrated sprays. To atomize concentrated susj)('nsions, higlier 
pressure than is produced in a knap.sack sjuayer is required. Special 
atomizers have been designed and used cll'ectively for api)lying these 
sprays to small trees, but this method has never become popular because 
overdosage with the insecticide is diflicult to avoi<l. Power machines for 
applying concentrated sprays have, however, proved both i)ractical and 
effective in places where the trees are accessibh* by truck or tractor. 'I'he 
mist blower is one of these modern develoj)ments. The insecticide is 
injected into a large-volume air stream moving at a rate of from loO to 
27)0 miles per hour. By regulating the amount of material injected and 
the forward speed of the machine, the insecticide is blown onto the trees 
in any quantity desired. The smaller mist blowers are light enough to 
be moved on a pickup truck or even in a wheelbarrow. These lightweight 
blowers can spray up to a height of 30 feet. The larger and more power¬ 
ful ones must be moved bv truck or trailer. Some of them can be used to 
spray tall trees, since they are capable of blowing the in-secticidc to heights 
of over 100 feet. When forest plantations are sprayed, the mist is dis¬ 
charged almost horizontally. In this manner a swath about 300 feet 
wide can be treated as the maclune moves along. 

Another modern development is the fog machine. A jet of concen¬ 
trated insecticidal solution is directed again.st a heated surface, and thus 
an insecticidal fog is generated. The fog is then carried away from the 
machine by air currents. If advantage is taken of the temperature 
inversion that often occurs in the air at night, the fog can be held close 
to the ground. The particle size of the fog is important and can be con¬ 
trolled within certain limits by regulating the temperature or the 


generator. 

Even the most effective fog has a killing range for many forest pests 
of only about 200 feet from the machine although it aijparcntly spreads 
much farther. The failure of the fog to kill beyond a limited distance 
is due to the small size of most of the particles. The particles of elective 
size are deposited mostly within 200 feet of the generator, while the finer 
ones drift farther away. Potts (1946) found that particles less than 30 
microns in diameter are repelled by the “field of resistance” surrounding 
all objects and that much larger droplets, 100 to 300 microns in diameter, 
are required for effective spraying. 

Yeomans (1950) reports that “airblast machines” (mist blowers) can 
provide a more uniform deposit across a swath with larger spray particles 
than can be obtained with the wind-borne “aerosols” (fog machines). 
Only 25 to 50 per cent of the particles less than 50 microns in diameter will 
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he (Icpo-sitod witl.in 2,000 Tlie mist hlower is, therefore, much 

I,,.tier limn the Uvr innel.ine for treatina troe.s svith chemicals. 

To Forest Trees from the Air. Shortly after World War I the airplane 
came into use for applviiiK insectieide.s to liehls, orchards, and forests^ 
This melhod proved very popular. lt.s use made possible rapid and 
elTeelive treatment of areas that could not have been reached otherwise. 

Althoii|rh the cost was relatively low, it was still too high for any but 
InKh-valuo forests. The low earryinj; eapaeity of most planes and the 



Fig. 22. DouKlus-fir ttK-.sock moth control project in northern Itlaho in 1947. A Ford 
trimotor pliine di>tril>uting 1 gallon of spray oil containiiiR 1 pound of DDT per acre. 
Swath width, 300 ft. Note the swirling motion of the spray. (Bureau of Enlomoloou and 
Plant Quarantine.) 


large (plant ity of insecticide recpiired per acre were the chief factors that 
contributed to the expense. On the average, using arseniculs, it was nec¬ 
essary to apply about 20 pounds of dust per acre in order to obtain satis- 
faertory control of defoliating insects. Thus with a “pay load” of 300 
pounds, a plane could treat only 15 acres before returning to the landing 
field for reloading. vSometimes difficulty was experienced in obtaining 
sufficiently rapid discharge of the insecticide to give adequate coverage. 
In such cases a second flight had to be made over the same area. 

In the early treatment of forests from the air, the limited carrying 
capacity of the planes precluded the possibility of using the common 
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aqueous arsenical suspensions. I sualiy, theietore, the insecticifle was a 
powder, most often calcium arsenate. 

These limitations of carrying capacity liave been hugely remo\ed with 
the development of potent synthetic organic in.secticides, especially DDT. 
Instead of 20 pounds per acre, DDT is effective against many forest 
pests at 1 pound per acre. Thus, with DDT in an oil solution a plane 
can spray at least 2]Xy times the area that the same plane could dust with 
a single load. 

Helicopters and autogiros, also u.sed in spraying forests, have some 
advantages ov'cr other aircraft. The insecticide can be better controlled 
because the.se pianos can operate at low speeds and can take off from a 
road or a small cleared space; the conventional plane, on the other hand, 
requires a landing field. As a result, an operation using conventional 
planes often must load the insecticide at a point 20 miles or more from the 
area to be sprayed, whereas the helicopter can be loaded nearby. The 
helicopters have lower pay-load capacity than have the planes generally 
in use. Experiments comparing the cost of spraying forests with regular- 
type planes and with helicopters indicate that the advantages of loading 
close to the spraying area may be offset by the low carrying capacity 
and the high operating cost of the helicopter (Yuill and Eaton, 1940). 

AERIAL SPRAYING 

Aerial spraying of forests has become a standard practice for the control 
of many defoliating and some sucking insects. These operations are 
usually directed and administered by forest personnel. They may be 
aided and advised by professional forest entomologists, but frequently 
professional advice is unavailable at the time of spraying. Therefore 
every forester should understand aerial spraying practices and how to 
plan and supervise the execution of a spraying job. 

Laying Out the Project. The spraying project is laid out on the basis 
of the survey that determined the extent and severity of the infestation. 
The area to be sprayed is calculated from previously prepared maps, 
and the infested portions of the forest divided into spraying units that 
can be recognized from the air. The boundaries of these units may be 
roads, ridges, edges of plantations, margins of cuttings, or other features 
that are easily identifiable. The size of the units will, of course, vary 
with topography and the distribution of the infestation. They should 
be so shaped or arranged that they can be flown with a minimum number 
of turns. This is especially important if conventional planes are used. 
If the spraying is done with helicopters, this is less important. 

Selecting the Loading Base. The next consideration is the loading 
field. This should be located as close to the area to be sprayed as possible, 
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and must he aecessible by road. Frequently, a local airport is favorably 
.situated and arranKcrnont.'^ can. a.s a rule, be made to use these established 
landin- lields. On the other hand, the location of the .spraying operation 
ma\ be .so far removed from an airport that the time consumed in flying 
back and forth will preclude its use. Then a temporary field must be 


provided. 

In selecting a temporary base, the advice of a competent aviator is 
essential. The loading area must be level and large enough to permit 


.safe take-olT by a heavily loaded plane, 
will, of cour.se. d(‘pend upon the type 
lamlirig field is availalile for fixed-wing 


The required length of runway 
of aireraft used. If no suitable 
airplanes, there is still the possi¬ 


bility of spraying with helicopters. 

In .scItM'ting a loading hast*, the forester should not forget that he must 
piDv ide prop(*r accommodations tor the workers involved in the project, 
.'since spraying must he done when the air is still, the hours of work will 
he in Ilu* early morning .shortly after dawn or in the evening. Dissatis¬ 
faction among the erew over the disagreeable hours may often be pre- 
\ente(l by pro\'iding good fo<)d and eomtortable sleeping quarters. On 
large operations that reijuire a week or more, it is impractical for the crew 
to live at great distances from the landing field. 

.Vnotiier important consideration in selei'ting a loading base is the 
matter of .servicing the planes. Satisfactory facilities are available at 
most established airports, hut if a temporary field is used it is essential 
that competent mechanics, ccjuipped with necessary tools, be on hand to 
make emergency repairs. Gasoline and oil can be provided by tank 


trailers at temporary loading fields. 

Handling the Insecticide. For large spraying operations ready pre¬ 
pared spraying mixtures can often l)e obtained, and arc convenient and 
usually loss expensive tliaii materials prepared on the job. In smaller 
operations, however, it is usually necessary to mix the materials. This 
mixing must be done in advance of spraying so that the plane tanks can 
ho loaded quickly. The economy of any spraying operation will be 
greatly influenced by the speed of loading the planes between flights. 
()n small jobs, the insecticide may be mixed and carried in oil drums. By 
mixing in the tank of a power .sprayer with a mechanical agitator, the 
process can be done more easily, and the materials for a small job can be 
pumped directly into the plane from the tank. A conventional-type 
sprayer with a oOO-gallon tank is well suited for this operation. In most 
aerial operations, the insecticide is usually an oil solution of DDT or other 
organic insecticide. Such a solution can be mixed several days before its 
application. Suspensions or emulsions must be mixed immediately 
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prior to application, and tlicreforc, llie mixing cannot be completed much 
in advance of spraying. 

The amount of insecticide applied and the area covered must be 
recorded for each flight or group of fliglPs so that dosage may be con¬ 
trolled. On small job.s, the amount of insecticide used on any run is esti¬ 
mated from the eapacitj' of the tank in the plane or by gauging tlie 
amount taken from the oil drums or storage tanks. On larger operations, 
the prepared spray is usually hauled to the loading field in tank trailers or 
trucks and pumped from these directly into the planes by power pumps. 
The quantity of .spray pumped into eacli plane is measured by a meter as 
it flows from the storage tank. 

After the plane is loaded and ready to take off, the jol) is in the hands 
of the flier and the forester can do nothing to expedite the work, (.'arefui 
planning prior to tlie take-off will reduce delay.?, facilitate the operation, 
and reduce the cost. 

Controlling the Spray. Controlling tlie application of the spray as to 
both particle size and amount is o.ssential. This is accomplished by 
nozzle adjustment and by regulating the rate at whicli the insecticide is 
discharged from the plane, the speed of the plane while spraying, and the 
width of swath covered in each run. In spraying, care must be exercised 
by the pilot to lay down the swaths so that they do not overlap more than 
is necessary and that no gaps are left unsprayed. The suitability of the 
equipment to do a satisfactory job should be checked in ample time to 
permit adjustment. 

Prior to application of the spray, each pilot must be briefed concerning 
the area to be sprayed so that he can recognize it easily from the air. 
This is accomplished first by examination of a map showing direction, 
distance from the landing field, and general landmarks. Examination 
of the map will be followed by actual observation from the air. An aerial 
photograph mosaic is an important aid in briefing the pilots. A flier 
should never be permitted to spray a piece of forest without first flying 
over it in order to familiarize himself with the area. 


Even distribution of the proper amount of spray per acre is essential to 
good control. In order to accomplish this, adjustment of the discharge 
rate of spray must be made prior to application. Ihe amount of the 
insecticide applied per acre can be regulated not only by adjustment of 
the rate of discharge but also by modifying the swath width. During 
the operation, a constant check should be kept on the amount of insecti¬ 
cide applied, and the area covered by each run or series of runs, so that 
any errors that occur may be promptly corrected. Such checking will 
reduce careless tendencies to the minimum. 
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In |()c;iliti(‘s where topogriipliic relief is evident from tlie air, a flier can 
lay down parallel swatlis with accuracy by following natural landmarks 
On level land, however, control of the strips by landmarks may be impos¬ 
sible. 'I'hen it is neces.sary to use some ground control for each swath. 
One of tl»e most elTectivc means of accomplishing this is by using hydro¬ 
gen- or helium-filled balloons. As the spraying progresses, men at each 
end of the spraying area move the captive balloons across the area, one 
swath at a time. 

Commercial Spraying Services. With the increase of aerial spraying 
operations, the business of providing spraying services has grown corre- 
sixaidingly. Prior to 1940, such services were difficult to obtain and not 
always reliable. Much of the work was done by poorly equipped indi- 
viduals owning a single plane. 

Since World War 11 this situation has changed, and many well-equipped 
and reliable concerns are prepared to apply aerial sprays to any crop. 
4 'Ik’ 1919 19.”)0 edition of Entoma lists 140 concerns in the I nited States 
otTering dusting or spraying services by fixed-wing airplanes or helicopters. 

These concerns are prepared to contract for spraying forests at a set 
charge per acre. The price varies, of course, with the conditions, but 
the efficiency of the commercial operators combined with improved equip¬ 
ment has resulted in marked economy. In spraying large forests, con¬ 
tractors usually provide only the flying service, but .sometimes they also 
furnish the insecticide. The detailed planning and administering of the 
operation fall upon the forest officers. On smaller operations, it may be 
more efficient for the contractor to provide flying service and the insecti¬ 
cide. and to assume much of the administrative responsibility. He 
cannot, however, be expected to make the preliminary plans for even the 


smallest operations. 

Securing Weather Information. Another responsibility which rests 
with the forester is the securing of weather information. Aerial spraying 
can be done cfTectively only when atmospheric conditions are favorable. 
The air must be clear, calm, and without appreciable convection currents. 
Such conditions commonly prevail for .several hours in the early morning 
and for a shorter period in the evening just prior to the fall of darkness. 
Most spraying operations are conducted immediately following da\vn. 
4'he first flights are started as soon as there is sufficient light for the take¬ 
off and continued as long as conditions remain favorable. As soon as the 
air becomes turbulent or the wind rises above 5, or possibly 8, miles per 
hour, spraying must cease. 

Wind, fog, and rain are all serious handicaps to aerial spraying. They 
cause cessation of operations and, if they prevail any length of time, they 
may prevent timely treatment. The full importance of timing in the 
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control of various insects will he discussed at lenjrth in later cliapters. 
Suffice it to say here that timing is of ^reat importance in control work 
and that the atmospheric handicaps of aerial sprayinj^ are sometimes 
detrimental to proper timing. 

Unless flying conditions become actually hazardous, the pilots have a 
tendencj' to continue applying tlie spray after meteorological conditions 
cease to be suitable. Furthermore, conditions at the loading field are 
frequently quite dilTercnt from those o\ er the spraying area, therefore, 
weather observers on or near the spraying area shoukl report frecjuently 
by telephone or radio to the loading field. When very large areas are 
being treated, several observers located in different parts of the area will 
be required. When the u ind rises to a point where the spray drifts away 
before it can settle on the swath for which it is intended, spraying should 
be discontinued. 

Checking Distribution. In addition to his other duties, the forester 
must provide checkers so that he can be sure that a satisfactory job is 
being done. Even distribution, as has been previously noted, is essential 
to satisfactor3^ control, 'rherefore eveiy practicable effort should be 
made to secure it. This checking for even distribution sliould be done 
while the operation is in progress. Pilots, like most other people, are 
more careful when they know the (lualily of their work is being evaluated. 

The glass-plate method is perhaps the simplest way to determine spray 
distribution. Clean glass plates are laid out at regular intervals over all 
or part of the area to be spra\^ed. After being sprayed, the slides are 
picked up and examined. If approximately the same number of insecti¬ 
cidal droplets are found on all the plates, the distribution is satisfactory. 
If on some plates more than the usual number are present or if there are no 
spots on some, uneven distribution is indicated. Serious misses should be 
corrected by another run over the skipped area, and any overdosage 
should be called to the attention of the pilot. Checking a large area in 
this manner is prohibitiv'ely time-consuming, but spot checks should be 
made on every unit. 

Determining the Effects. The general effect of the spraying treatment 
may easily be determined by the number of poisoned larvae that drop 
from the trees. But an accurate estimate of the percentage of insects 
killed will require a more careful evaluation. An adequate number of 
sample counts should be made to determine the number of insects on a 
scries of twigs or branches before spraying and again after. The differ¬ 
ence, of course, represents the number of larvae in the sample that were 
killed. This can then be expressed in per cent, determining the total 
population killed by the spra3^ A sample count of this sort should be 
made wth care, so that the samples examined before the spraying will be 
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coiToctly cnmparablo to the post-spraying count. If the insects cannot 
he counted directly, tlie number of twigs infested before and after spray¬ 
ing. or tlie amount of frass dropped before and after, will indicate the 

elTeels of tlie spray. 

Estimating Costs. The cost of every operation is different even when 
expressed on a per-acre basis. The cost per acre of flying small areas, or 
units of moderate size, is far greater than for large operations. Similarly 
when materials can be purchased ready-mixed in tank cars or tank trucks, 
tiiey arc often much cheaper than in small lots mixed by hand on the job. 

('omparing the per-acre cost of two very large projects and two modcr- 
ate-size(i projects .sprayed in 1940. we find that one spruce-budworm 
project covering about 100,000 acres co.st SI.50 per acre, .\nother 
slightly larger one cost about S0.93 per acre. In two small operations, 
one spraying pine plantation.s for spittlebug control cost S2, anothei, also 
on pine plantations for rod-headed pine sawfly, cost S2.o0 per acre. 
These tigure.s are comparative and indicate the range that may be 
expected under various conditions during the .same year. From year to 
year, the variations may be much greater, so that the actual costs as 
stated here are not particularly significant. 

'Phe three chief items that must be included in an estimate of spraying 
costs are (1) application, (2) materials, and (3) overhead. The first two 
will depend largely on the level of wages, the quantity of materials used, 
and market conditions. The last will depend chiefly upon the size of the 
project. 

.\lmost as much overhead personnel is required on a project of moderate 
size consisting of a few hundred or a thousand acres as would be needed for 
100,000 acres. Thus overhead on a very large project might be only a 
few cents per acre, whereas on a small project it could easily rise to $1 
per acre if accidents or bad weather caused delays. 

\ list of the overhead personnel that should be available on any aerial 
spraying project will indicate why this is true. Table V lists the actual 
personnel used on a 100,000-acrc project and those required on a 500-acre 
project. On the 100.000-acre project, the cost per day for the overhead 
personnel was approximately S182. As an average of 9,000 acres was 
sprayed each day, the per-acre cost for supervision was about S0.02. On 
the 500-acrc project, the cost per daj' of the overhead personnel was about 
$140. If we assume that the 500 acres were sprayed in one day, the per- 
acre cost for supervising overhead would be approximately $0.28. 

Both of the above estimates are based upon the number of men used on 
actual jobs, but they do not allow for delays caused by unfavorable 
weather, mechanical failures, or poor planning. Neither do they include 
the administrative costs of making the preliminary damage survey, the 
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Table V. Oveuhead Pi:hso\nki. UKgt iki:i) oj kini; Akkiai. Si-awiNt; 


Duties 

('lassilicaf ion 

For 100,000 

SUTOS 

For 500 

U(TOS 

Chief. 

ProfO‘*''^ionul 

X ! 

1 

Flight observer. 

Prof(‘»ional 

1 

A 

1 1 

A 

1 

Records, metering, etc. 

1 

Profes.'ioiial 1 

1 

1 , 

Dispatching, radio, etc. 

Professional 

1 


Supervising field ehec-ker. 

Professional 

1 1 

i 

Spray deposit checker. 

Rul>j)rofe.'<sion:il 

2 

1 

-Mortality checker. 

I’rofessional i 

1 

1 


Subprofe.ssioiial 

2 

0 

Weather observer. 

S»ibprofessi<mal 

4 

1 

Swath guide. 

Sjibprofessional 

0 

2 

Total. 


14 

0 



1 • • 



Equipment Used bv Oveiuiead I’ersonnei, 


Motorcars. 

5 

3 

Radio field seta. 

6 

2 

Balloons . 

0 

12 

Hydrogen or helium drums. 

0 1 

1 


preparation of maps, tlie planning of the operation, and the procurement 
of materials, erjuipment, and services. 'Phese items are so variable that 
they cannot be safely estimated without a knowledge of specific condi¬ 
tions. In order to cover the co.st of these items, it is customary in large 
organizations to figure a 10 per cent charge on the estimated total cost of 
a project. 

From these figures, the conclusion is unavoidable that overhead costs 
can raise the price of a small spraying project to a level that is entirely 
out of line with the benefit derived therefrom. From the realistic view-, 
point, therefore, the forester is often compelled to cut the service and 
supervisory personnel to the minimum number required to handle the 
insecticide, load the plane, and establish any ground control in the field 
that may be needed. Weather observations are left to the pilot, while 


the checking of spray distribution and the making of mortality estimates 
are often made visually and almost casually. Inadequate supervision 
inevitably leads to carelessness and will account for some unsatisfactory 
results. 


OTHER TECHNIQUES OF CHEMICAL CONTROL 

Chemical warfare against insects is not confined to the dusting and 
spraying of trees in the forest. Other techniques for applying chemicals 
are in common use, especially where the insect pests are not operating in 
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ilie forrst hut arc in nurseries or in forest products. I he remainder of 
tliis cimpter will he devoted to a discussion of various techniques of 
(•Iicini4'al control in these areu.s. 

Dipping. Nursery stock that has been dug for shipment and forest 
products of various kinds may be treated by dips and washes to control 
insect infestations. 'I'he in.secticides are often the same as those used in 
tlie treatment of standing trees. In dipping nursery stock, the chemicals 
must he used in diluted form to avoid injury to the trees. Suspensions, 
aiiucous solutions, or oil emulsions, diluted as for conventional spraying. 


are the common dipping materials. 

On wood products, more concentrated materials are suitable. Chemi¬ 
cals in various solutions that are too toxic for treating plants may be 
applied without injury to processed wood. For example, such chemicals 
as 10 per cent DDT solution in oil, 2 per cent chlordane solution, 12 per 
cent orthodichlorobenzcne solution in oil. or 5 per cent pentachloro- 
phenol, are excellent insecticidal dips and washes for wood infested by 
insects! Thc.se chemicals will be discussed in the following chapter. 

Insecticidal dips and washes must he selected carefully to suit condi¬ 
tions. For example, wood that is to be painted or varnished should 
never be treated with crco.sote or carbolincum, even though these sub- 


.stances are both excellent insecticides. Neither should these same mate¬ 
rials he used where their color is objectionable. In contrast, oil solutions 


of such substances as pentachlorophenol will not affect either the paint- 
ability or the color of the wood. Dips for the treatment of living plants 
must be selected wdth equal care and used in dilutions that will kill the 


insects without harming the plants. 

Poisoning the Soil. Some soil-inhabiting pests in nurseries, such as 
white grubs, wireworms, and other root eaters, may be killed by poisons 
mixed with the soil. The substances used for this purpose are usually 
inert pow'ders and are intended to make the soil uninhabitable for the 
pests for several years. 

Usually the poisons are applied to nursery soils in the course of prepara¬ 
tion for seed or transplant beds, but occasionally they may be drilled 
between the seedling rows in established beds. The concentrated types 
of soil poisons should be diluted before application, by thoroughly mixing 
the required quantity with a bulky fertilizer. This will increase the total 
volume of material to be applied and will make easier the even spreading 
of the insecticide. After the poison has been spread evenly or drilled 
into the prepared soil, a light cultivation will mix it into the top few’ 
inches of soil. 

Fumigating with Gas. Fumigation is usually a technique that is 
applied in enclosed spaces: occasionally it may be used to kill insects in 
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wood. Under situations where tlie eas can be confined, hydrocyanic acid 
gas has produced good control of dry-wood termite.^, carpcjiter ants, and 
eyen powderpost beetles. C'hloropicrin is an exen more efTectiye wood 
fumigant because of its high powers of penetration. In huiUHnga, how¬ 
ever,/wwu'^affo/i should never be alfempfid by untrained persons. 

Poisoning by Baits. Some insects, such as cutworms and gra.<shoppers. 
are at times injurious to small trees in nurseries or newly e.stablished 
plantations. These insects and yarious others are attracted to and feed 
upon yarious baits. If a poison is added to these attractiye mixtures, 
the pests can be killed. The baits arc scattered thinly oyer the ground 
where the pests feed. Bait formulations will be discussed in the next 
chapter. 

Tree Injection. Poisonous solutions, when injected into the sap stream 
of trees, may scrye a double purpose. They may kill insects infesting 
the tree trunks and, at the same time, protect the wood against subse¬ 
quent infestation by wood-boring insects and infection by wood-rotting 
fungi. 

Experimental work by Craighead and his associates demonstrated 
that broods of the southern pine beetle could be destroyed d\iring the 
growing season by the injection method (Craighead and St. Cleorge, 1938). 
Later Bedard (1938) tested the method on western white pine infested by 
the mountain pine beetle, Dendroctonus monticolae, and found that satis¬ 
factory destruction of the brood was accomplished if the trees were treated 
within 90 days after attack. 

The method of injection used by Craighead was to remove a band of 
bark from around the tree, cut a saw kerf girdling the tree midway of the 
band, and introduce an aqueous solution of a poison into the kerf. The 
solution was held in contact with the kerf by a rubber dam placed over 
the kerf and securely tacked along each edge to the wood. The poison 
was placed in a container fastened to the tree above the dam, and the 
liquid was conducted to the dam by a rubber hose. Bedard simplified 
the saw-kerf procedure by fastening a trough of rubber or plastic sheeting 
immediately below the kerf. Into this trough the poisonous solution 
was poured. Grease was used to make the tacked edge of the trough 
watertight. 

The injection methods are not generally used as a means of destroying 
bark-beetle broods, because they are expensive in comparison with other 


chemical treatments. They are, however, of value in treating rustic 
materials to protect them from insects. When this treatment is used 
on rustic materials, the trees are cut and immediately, without lopping 
the branches, a preservative solution is brought into contact with the 
cut surface of the bole. Small trees may be set in containers holding the 



FOREST ESTOMOLOGY 


1 18 

nrosoi viitivc. and larger trees may be treated by use of a waterproof dam 
j'-istenod over tlie butt of the tree and connected by a tube with a vessel 
holding the solution. Trees from 4 to 10 inches in diameter can be 
treated by stretching a section of a tire inner tube over the barked butt of 
the tree 'I’he open end of the tube can then be supported to form a 
reservoir, which can be filled with the liquid. Complete injections should 
ho attained within 24 hours or le.ss. Various aqueous solutions are suit 
able for injection treatments, but copper sulfate seems to be one of the 
best. Conifers can be injected at any season when temperatures are 
above freezing, but broad-leaved trees must be treated during the summer. 

Treating Seasoned Wood. Wood preservative treatments are gener¬ 
ally designed to prevent fungous attack and the resultant decay. Ihe 
same substances will. also, protect the wood against insects by killing 
any Unit are present and by making the wood free from subseriuent 
at + ack. Until recently, most wood preservation was intended to prevent 
rot in wood contacting the ground, but the development of synthetic 
organic compounds has introduced new possibilities of wood protection. 

Wood in buildings can be made permanently immune to insects by 
treating with oil solutions of DDT. pentachlorophenol, and other chemi¬ 
cals. Furtliermore, the wood thus treated can be painted or varnished 
without danger of peeling or discoloration of the finish. 

'rreatment of wood with chemicals is accomplished by methods that 
vary from simple surface application by brushing or spraying to a complex 
system of impregnation by application of vacuum and pressure. The 
latter are available only in wood-preservation plants. Insect control is 
usually accomplished either by surface treatment or by dipping. To 
(msure success, all surfaces must be treated, and if only the surface layers 
of the wood are penetrated, any cuts made through the treated surface 
in shaping and fitting must be treated before the piece is placed in 

position. 



CHAPTER IX 



INSECTICIDES AND THEIR EFFECTS 

The number of chemicals available for insect control runs into the 
hundreds, and each year many new materials are placed on the market. 
Only a few, however, have been ade<iuately tested in the forest. Some 
othei-s ii.sed on farms have desirable characteristics but are either too 
expensive or too dangerous for forest spraying. In this chapter we shall 
limit our consideration to a restricted number of chemicals that have been 
proved suitable for the control of insects in trees and in forest products. 

DESIRABLE CHARACTERISTICS 

The general characteristics desirable for satisfactory insecticides may 
well be considered before we discuss their classification and specific 
qualities. 

General. The ideal forest insecticide has never been produced. In 
fact we can never expect to have a single ideal product since special cases 
require different characteristics, and some of these requirements are con¬ 
flicting. Although we may never obtain the ideal material, we can set 
up ideal standards that will be useful in evaluating the insecticides with 
which we must work. 

Table VI lists some of the requirements and some of the desirable char¬ 
acteristics. The same qualities that are desired in an insecticide for 
spraying living forest trees may be of no value, or even actually undesir¬ 
able, in treating forest products or nursery soils. Therefore, in the table 
the suitability of each quality is indicated for each of the three classes. 
The required characteristics are shown by italics; those that are desirable 
but not absolutely essential are in roman type. 

Toxicity. Insecticides must, of course, be highly toxic to the pests 
against which they are directed. At the same time, if they are used for 
spraying trees, they must be relatively nontoxic to the foliage. These 
two conflicting requirements limit the number of substances that are 
suitable for treating living plants. 

Safety of application is accomplished in several ways. A substance 
that is toxic to insects may be safely applied to plants if it is a stable solid 
and is insoluble in water. Such a substance cannot be absorbed by the 
plant tissues and, therefore, cannot cause injury. 

lie 
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Tahi.k VI. Desirabi.k Qi^alities for Insecticides 


(Quality 

For 

1 

' living 
trees 

For dead trees 
or forest 
product.s 

For 

nursery 

soils 

lliuh (ic'Kree of toxicity for pest. 

Yes 

Yes 

Yes 

Nontoxic to li\ inK pliuUs. 

Yes 

No 

No 

Nontoxic to man or in .safe form. 

Yes 

Yes 

Yes 

Nontoxic, in dosacos ii.scd, to hcncdicial organisms. 

Yes 

No 

Yes 

Low cost. . 

Yes 

Yes 

Yes 

Sinipli<-ity of application. 

Yes 

Yes 

Yes 

Short residual effect but not permanently .stable 

Yes 

No 

No 

l>ong-time or permanent .stability. 

No 

Yes 

Yes 

a f 

flood storage* «pialilies 

Yes 

I cs 

y es 


Wuti'i-.solul)le material must be sufficiently toxic to kill the pest when 
it is diluted to a concentration point safe for the plants. Unless a sub¬ 
stance meets these requirements, it should not be used as a spray. Oil 
solutions are capable of penetrating plant tissues, and most oils are toxic 
to plants. Therefore, all oil insecticides must be very thinly dispersed 
if injury to the plants is to be avoided. A thin dispersion can be accom¬ 
plished for conventional spraying by emulsifying the oil and diluting the 
emulsion with water. In aerial spraying or in the use of the mist blower 
or the fog machine, the oil is separated into fine particles as it leaves the 
machine and dispersed so widely that little or no plant injury will result. 

Workmen who handle insecticides day after day are inclined to become 
careless and, therefore, cannot be trusted to protect themselves from 
highly toxic materials. Almost all chemicals used for insecticides are 
toxic to man if absorbed in sufficient quantities. Therefore, it is essential 
that all insecticide materials be so prepared that they can be handled 
safely. In order to meet this requirement, extremely toxic substances 
are usually placed on the market in partly diluted form. In spite of 
care on the part of the manufacturer, serious illness or even death may 
result from carelessness. Insecticides are deadly poisons, and every possible 
precaution should be used to avoid inhaling them, ingesting them, or absorbing 
them through the skin. 

In aerial spraying especially, both pilots and ground crews find it 
almost impossible to keep the spray materials off their faces and clothing. 
For this reason, some of the more toxic chemicals should not be used. 

Stability. The quality of stability deser\'es special consideration. 
Some insecticides decompose slowly, or not at all, after application; 
others decompose or volatilize in a few minutes or hours. If the insecti¬ 
cide is placed in a location where later the insects will eat or contact it. 
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enough stability to permit this contact is essential. If. on the other 
hand, the insecticide is applied directly upon tlu* insect. stal)ility after 
treatment may not be of any conseciuenco. 

After an insecticide lias done its work in the forest, tlie (juicker it di.s- 
appears from the environment, the better. If it remains, it may cause 
injury to beneficial organisms. I nfortunately many otlierwise excellent 
insecticides have a higher degree of stability than is ideal. Insoluble 
arsenical salts of lead, copper, and calcium decompose slowly or not at all 
after they are applied. DDT and some other organic insecticides may 
remain active in the soil for indefinite periods. Repeated heavy applica¬ 
tion of these substances can result in undesirable accumulations. There¬ 
fore, they should never be used more often than is ab.solutely neco.ssary 
or in heavier dosages than the minimum reiphred to accomplish control. 


CLASSIFICATION OF INSECTICIDES 


Before the advent of the various types of synthetic organic insecticides, 
the classification of insecticides was a simple matter. The relatively few 
materials in use could be separated with a minimum of confusion, accord¬ 
ing to either their action on the insect or their physical characteristics. 
Today it is difficult to devise a clear-cut and simple classification. 'I'his 
is because so many chemicals fall into more than one insecticidal sub¬ 
division, no matter how carefully these subdivisions are defined. The 
same insecticide may, in some cases, enter the insect s body through eithei 
the mouth or the sensory pores. It may be applied in the form of a dust, 
a suspension in water, an oil emulsion, or an oil solution. A logical 
classification could be based upon the chemical characteristics of the 


various substances, but that method does not seem appropriate heie. 
There will, therefore, inevitably be considerable overlapping in the 
following discussion. 

Mode of Entrance. Insecticides may be separated into two large 
groups: those that are ingested orally, and those that enter diiectly 
through the body wall, the tracheal system, or the sensory pores. Insec¬ 
ticides of the first group are called stomach poisons; those of the second 


group, contact poisons. ^ 

The stomach poisons are sprayed or dusted upon the insect’s food or, 

in the case of wood-inhabiting insects, impregnated into the wood. Ihe 
insects ingest the poison with their food. Only insects with chewing 
mouth parts are subject to the effects of 'stomach poisons. 

Contact insecticides are directed against both sucking and chewing 
insects. Some are highly volatile and dissipate soon after application. 
These must be applied so that either the spray or the vapor from the spray 
will contact and penetrate the insect’s body before dissipation. Free 
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nicotine sprays, nicotine sulfate sprayed in an alkaline solution, and 
pyrethrum sprays—all illustrate these volatile materials. Such poisons 
!ire characterized hy their ability to stupefy and kill quickly, but often 
are not so to.xic as the more stable materials. 

Other volatile materials are applied as gases instead of as sprays. 
I'he.se are fumigants and are never used in the forest, although they can 
lie ajiplied to forest products, to buildings that can be tightly sealed, and 
to nursery stock in tight chambers. Orchard trees are sometimes fumi¬ 
gated under gastight tents, but such operations are, of course, impractical 
in the forest. 

Physical Forms. The physical condition of the insecticide when it is 
applied provides another useful basis for classification. The phj^sical 
forms of various insecti<'ides have previously been mentioned in C'hap. 

Further reference to them will be made when specific insecticides 
are described, 'i'herefore, a listing of the physical forms \»ill be sufficient 
at this point to .show the various cla.sses. They are as follows: (1) inert 
powders, applied as dusts or acpieous suspensions, (2) atjueous solutions, 
(3) oil solutions, (1) emulsions, and (5) gases, usually formed by volatili¬ 
zation of li(pnds. 

SOME COMMON INSECTICIDES 

In this discu.ssion of insecticides it is necessary to concentrate attention 
on those materials that have been tested and proved useful in forests and 
on forest products. Many others now on the market, but not ordinarily 
used for the control of forest insects, are omitted or merely mentioned. 

Arsenicals. Ai-senical insecticides were formerly the most important 
materials for the treatment of forests and ornamental trees. Today they 
have largely been replaced by certain synthetic organic compounds which 
will be considered later in this section. Arsenicals are, however, still 
used, especially in conventional-type spray'ers. They are also highly 
efTective in insecticidal baits and against termites in buildings. 

Arsenicals that are applied to living plants are always insoluble salts, 
('opper ai-senate, commonly called paris green, was developed earliest 
but was found to burn the foliage of many trees. Later lead arsenate 
and calcium arsenate came into general use. In treating forests, calcium 
arsenate is the form usually preferred, chiefly because it is somewhat 
cheaper and yet equally as efTective as lead arsenate. Calcium arsenate 
slowly decomposes in the presence of carbon dioxide and water vapor, 
releasing water-soluble forms of arsenic. This water-soluble arsenic will 
injure foliage, but in forest treatment the amount of injury has never 
been of any great consequence. 

C'alcium arsenate has usually been applied from the air as a dust, but 
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it can be applied with equal effectiveness cither l)y tlie older methods in 
dilute suspension or in newer concentrated suspensions by means of the 
mist blower. For conventional .spraying, the usual dilution is 3 pounds 
per 100 gallons; in concentrated suspensions, from 3 to 6 pounds per 
gallon may be used. Calcium arsenate may be diluted with etjual parts 
of hydrated lime for ground dusting or used undiluted when applied from 
the air. The amount needed per acre will vary somewhat with the size 
and density of the trees but is usually about 20 pounds per acre. The 
price of calcium arsenate has varied greatly, depending on market condi¬ 
tions and the quantity purchased in a single order. But over a period 
of years, the per-acre cost for this chemical ranges between $1.20 
and $6. 

The water-soluble arsenicals commonly used in baits and for termite 
control are arsenic trioxide and sodium arsenite. Since all these arseni¬ 
cals are stomach poisons, the materials must be ingested in order to kill 
the insects. Most nonarscnical insecticides commonly applied to forests 
and forest products kill by contact. Some, however, may also act as 
stomach insecticides. 

Nicotine Solutions. Among the commonly u.sed materials that may 
act as stomach poisons are the .so-called lixed nicotine compounds, d he 
commonest of these are nicotine tannatc and nicotine bentonite. Nico¬ 
tine sulfate also is stable where used in nonalkaline solutions; when mixed 
in a soap solution or with any other alkaline detergent, free nicotine is 
released and volatilizes promptly. 

Nicotine is used not only as a plant spray but also as a dust. Nicotine 
dusts are prepared by mixing free nicotine with carriers of various kinds. 
When dusted on infested plants, the nicotine volatilizes and forms a gas 
that penetrates the bodies of the insects dusted. Nicotine may be com¬ 
bined with various other insecticides for special purposes. In nurseries 
and small forest plantations, nicotine sprays, or combinations of nicotine 
and other substances, are used to control aphids, tipmoths, and other 
insects. Nicotine sprays are expensive and therefore are used only where 
cost is not a serious consideration. 

Other Plant Products. Insecticides containing the plant products 
rotenone and pyrethrins are excellent contact insecticides, but because 
of their cost they, as well as nicotine, have only limited possibilities for 
use. on forests or forest products. Rotenone and the associated com¬ 
pounds (deguelin, tephrosin, toxicarol, sumatrol, and elliptone) are 
present in the roots of certain leguminous plants of the genera Derris and 
Lonchocarpus in tropical America, and also in the roots of T-ephrosia and 
Mundulia in the tropic of the Eastern Hemisphere. Ihe roots are dried, 
ground, and used to make insecticidal dusts. The pyrethrins are present 
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in tlip flowers of certain plants belonging to the genus Pyrethrum. Ihe 
llowers are ground into insecticidal dust, or the active pyrethnns arc 
extru-ted and concentrated for use in insecticide formulation. All these 
plant products vary greatly in the amount of toxic materials that they 
contain. Therefore, in buying either the ground materials or the extracts, 
one should always know the proportion of active materials. 

Dichloro diphenyl trichloroethane, DDT. Numerous organic com¬ 
pounds have been synthesized and used as insecticides. The most publi¬ 
cized of these is DDT, so designated from the first letter of each part of 
its chemical family name. This is a remarkable chemical, hut actually 
it has no greater potentialities for insecticidal purposes than several other 


similar, though lesser known, compounds. 

For forest spraying, however, DDT is the most important of all the 

newer insecticidal materials, chiefly because it has been investigated and 
experimented with to such an extent that the forest entomologist knows 
iiow to use it with eonfidenee. It has been tested against numerous pest 
siieeios, and its toxicity to many beneficial forms of life has been deter¬ 
mined. Therefore, even though other similar materials may be etiually 
good, or perhaps better, DDT will remain foremost for forest spraying 
until some bettor material has been thoroughly tested. 

DD'l' is a nonvolatile, white, crystalline material that is very soluble in 
xylene and a number of commercial solvents. It is prepared for spraying 
as an oil solution, as an oil emulsion, or as a wettahle powder. 

Benzene Hexachloride. Another synthetic organic compound, ben¬ 
zene hexachloride or hexachlorocyclohexane, exhibits great promise for 
forest spraying. It is a mixture of several isomers, but apparently only 
one, the gamma isomer, possesses insecticidal value. Therefore, dosages 
must he expressed in terms of the quantity of that isomer required. Ben¬ 
zene hexachloride is more toxic to some sucking insects than is DDT, and 
preparations containing both these chemicals are likely to be more effec¬ 
tive insecticides than is either material alone. 

Commercial benzene hexachloride has a strong, penetrating odor, which 
makes its use objectionable. It is also a substance that is not standard¬ 
ized in composition, the gamma isomer content ranging from 5 to 25 per 
cent in the various brands. A highly purified gamma isomer benzene 
hexachloride, known as Lindane, is on the market, but at present is too 
expensive for use in forest spraying. 

Benzene hexachloride is one of the most effective chemicals for pro¬ 
tecting logs from ambrosia beetles. A 0.04 per cent solution by weight 
of the gamma isomer in fuel oil, sprayed on the logs, will protect them 
for several months. One gallon of this oil solution should cover approxi¬ 
mately 65 square feet of bark. 
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Other Synthetic Organic Compounds. Xinnerous other organic com¬ 
pounds have been synthesized and u.'^^ed as insecticides. Se\eral deserve 
special mention because they liold great promise for use on tree-s. Some 
of these chemicals are especially toxic to pests which cannot be effectively 
controlled by DDT. For example, several thiocyanate.s aie espeiially 
toxic to spider mites and aphids. Some dinitro compounds, derivatives 
of cresol and phenol, can be applied as dormant sprays to kill insect eggs 
and small larvae in hibernation or, in more diluted form, to kill sucking 
insects and spider mites in summer. 

Toxaphene, chlorinated camphene, and chlordane are u.scd m baits. 
Toxaphene has been used successfully against some .shade-tree insects, 
for example, the evergreen bagworm. C'hlordane is a promising material 
for the control of soil insects in nunseries. It is a chlorinated hydrocarbon 
similar chemically to DDT, but unlike DDT, it is slowly volatile. As a 
result of its volatility, chlordane disappears within a few weeks from the 
surfaces on which it is applied. It is used not only in baits for grass¬ 
hopper control but also in sprays and as a dust when impregnated into an 
inert powder. 

The student is referred to the current volume of ICntoma and to the 
most recent volumes of the Journal of Economic Entomology for further 
information on these and the newer materials that are continually appear¬ 
ing on the market. 

The advent of highly toxic organic insecticides has brought about a 
change in the method of application from the air. Instead of dusting the 
forest with a dry powder, the materials are used in oil solutions or some¬ 
times in emulsions. The dilution of insecticides for the various types of 
application is discussed in the following section. 

FORMULATION OF INSECTICIDES 

Insecticides, other than dusts, are usually received from the manu¬ 
facturer in concentrated form and hence must be diluted or otherwise 
formulated before being applied. The method used varies with the 
material and type of equipment. 

Dilution for Conventional Spraying. Since old-type spraying machines 
can handle only liquid sprays of low viscosit 3 ', insecticides applied by 
them must be diluted with large quantities of water. Some insecticides, 
like the nicotine compounds, are soluble in water and can be easily diluted 
to any desired concentration. Other substances which are oils or dis¬ 
solved in oils can be dispersed in w'ater only after being mixed with an 
emulsifying agent. 

Some insecticides are insoluble powders; for example, arsenicals and 
wettable forms of DDT, benzene hexachloride, and chlordane. These 
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must bo mixofl with water, a few pounds of the powder ^\^th 50 to 100 
gallons of water. 'I'lie suspensions thus formed have a tendency to 
M'parate. To avoid tliis. tlie larger eonventional sprayers have tanks 
.MHiipped witli agitators, which keep the solid particles of powder from 
settling to tlie bottom. In small sprayers, frequent shaking during 
spraying is necessarv to a\'oid separation of the suspension. 

Addition of Spreaders and Adhesives. Since water is characterized 
by liigh surface tension, afpieous sprays tend to form droplets and run off 
the foliage. To avoid tliis, various kinds of spreading or wetting agents 
are athled to a(iueous solutions and suspensions. These substances 
reduce the surface tension of the water and cause the liquid to spread over 
tlie surface, thus preventing exce.ssive runoff. A few of the materials 
thus used also act as adliesives, causing the insecticides to stick to the 


foliage. 

All wator-.soluble emulsifying agents also act as spreaders. Soap is 
readily available as an effective spreading agent. It has the objectionable 
characteristic of combining with calcium or magnesium salts to form 
insoluble solids. Therefore, the amount of soap needed will depend upon 
the “hardness” of the water. Tests should be made to determine the 
<iuantity necessary for the water used. Enough soap to produce a suds 
will be -sulficient. Six pounds per 100 gallons of water is the quantity 
most often rc(puied. Other spreading agents are usually added to the 
spray solution at the rate of I pound per 100 gallons. Some of these 
spreading agents are calcium caseinate, various sulfonated alcohols, sul- 
fonated castor oil. sodium lauryl sulfate, alkylphenyl benzene sulfonic 
acid, hutylhydroxyphenyl benzene sulfonate, and other organic materials. 
Many of these spreaders were developed for use as detergents in the 
textile industry. These organic substances are sold under various trade 
names too numerous to mention. (See the current issue of Entoma.) 

Raw linseed oil. fish oil, cottonseed oil. soybean oils, and some petro¬ 
leum oils are often added to sprays to increase adherence of the insecticide. 
Calcium caseinate, mentioned above, also acts as an adhesive when added 
to sprays. 

Dilutions for Concentrated Sprays. When sprays are to be distributed 
by fog machines, mist blowers, or from the air, the materials are diluted 
as little as possible. .Arsenical pow'ders are diluted at the rate of 3 to 6 
pounds per gallon. Some of the synthetic organics may be obtained as 
wettable powders. These also are diluted to similar heax-y suspensions 
when distributed by air blast or as a mist. Wettable DDT and benzene 
hexachloride, for example, are usually diluted for this purpose at the rate 
of 1 pound in enough water to make 1 gallon of finished solution. 

Strong solutions of chemicals in oils are sprayed on the bark of trees or 
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logs to kill bark booties. A 12 per oont solution of oiiliodiclilorobouzoiio 
in diesel oil or fuel oil applied witli cotivolitional sprayers, is a common 
mixture for bark-beetle control. 

Dilutions for aerial spraying are usually concentrated oil solutions ol 
DDT, but emulsions of this chemical may be applied for special reasons. 
Emulsions, although very effective as in.secticides, are usjially not advi.sod 
for forest spraying because of their adver.se effects on valuable animal life. 
A common DDT formulation is 100 pounds of DDd' dissolved in 25 
gallons of xylene, or other solvent, with enough fuel oil added to make 100 
gallons of finished spray. This is approximately a 12 per cent .solution of 
the insecticide, or 1 pound per gallon. 

The stock solution of’DDT may be emul.sified by adding to each 12.5 
gallons of solution 1 pint of an emulsifying agent. Water is then added 
to make 50 gallons of finished emulsion. These concentrated .solutions 
and emulsions should not be applied with conventional sprayers on living 
trees, or serious injury will result. Furthermore, in spraying foiests 
the qtmntity of insecticide per unit of area must be kept at tlie minimum 
needed to kill the pest. Otherwise unnecessary injury to de.sirable forms 
of life may result. 

Wettable powders of DD'F are commercially prepared in.sectic'ides, 
manufactured by grinding DDT crystals with an inert powder that is 
easily wet with water. The percentage of DDT in tliese powders is 
always indicated on the package and must be taken into consideration 
in calculating dosages. 

The amount of DDT required to control forest pests varies to some 
e.xtent. Fortunately a very light treatment will kill most insects. One 
pound per acre is effective against Saratoga spittlebug, Aphrophora 
saratogensis; spruce budworm, C/iorisloneura fumifera/ia; gypsy moth, 
Porthctria dispar: and many other forest pests. Even lower dosages are 
effective in controlling mosquitoes and flies. Occasionally as much as 2 
pounds per acre are applied to small areas for special purposes, but in 
widespread operations on forests 1 pound per acre is all that should be 
permitted. 

For Soil Poisoning. Insecticides for poisoning root-eating insects are 
mixed with the top few inches of the soil, where they kill the insects either 
by contact or by being eaten. Inert substances not only kill the insects 
present at the time of application but also prevent reinfection by poison¬ 
ing the soil for a year or more. Many chemicals have been employed for 
such use: DDT, chlordane, benzene hexachloride, and some arsenicals, 
especially calcium arsenate. Soil poisoning is too expensive to use in 
forest plantations but has a possible place in the control of insects in 
forest nurseries. 
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Most of tlir tosts of soil poisoning have been applied to lawTis. golf 
gio(Mis. ami similar situations, rattier tlian to forest nurseries. Therefore, 
the recommendations tiiat liave been published cannot be accepted with¬ 
out reservations by tlie fore.st entomologist. Those tests that have been 
made in fore.'-t nurseries demonstrated that the elVects on plants growing 
on the poisoned soil vary from place to place. Thus in some nurseries a 
treatment may be safe while, in others, injury to the young trees results. 
Calcium arsenate, fur example, can be u.sed safely on lawns growing on 
fertile soils, but is unsafe in forest nurseries. The reason for this is clear. 
On fertile soils, the small (piantity of soluble arsenic released by the 
gradual de<'oinposition of the arsenical is adsorbed on tbe surface of col¬ 
loidal particle.s. Therefore it cannot be absorbed by the sensitive plant 
roots, On forest mir.^ery .soils, becau.se tiiey are usually acidic and low in 
colloids, the soluble arsenic does not become bound and is absorbed by the 
tree roots, 'rreatmeut with an arsenical may. therefore, ruin a forest 
nur.serv. 'rhus the use of arsenic on nursery soils is not advisable. 

d'oo little is known about the elTects of the synthetic organics, such as 
DDT. chlordanc. and benzene hcxachlorido. but it is known that DDT is, 


under some conditions, injurious when applied at rates recommended for 
soil poisoning (C’ullinan, 1949). We also know that these substances 
atTect plants differently in different soils and that various species of trees 
react differently to them. Therefore, until more is known about them, 
insecticides should be used in the soil with caution. 

In places whore soil insecticides are safe, they provide the nurseryman 
with a powerful weapon against soil-inhabiting insects. On the other 
hand, if they injtire the seedlings, the characteristic of stability may put a 
poisoned soil out of production for many years. Therefore, a nurseryman 
should be advised to test any soil insecticide that he may plan to use on a 
small plot, before applying it extensively. By so doing, he can determine 
definitely whether or not the substance is suited to conditions in his 
nursery. 

Dosages of the various chemicals that are recommended for soil poison¬ 
ing are as follows. DDT should be applied at the rate of 25 pounds per 
acre (Fleming, 1950), whereas 10 pounds of chlordane per acre is sufficient. 
The dosage of benzene hexachloride ^^^ll vary depending upon the per- 
centage of the gamma isomer in the material. A 6 per cent gamma isomer 
powder should be mixed with the soil at the rate of 5 pounds per acre 
{Shread, 1948). When only a few pounds of a poison per acre are 
required, the poison can be more evenly distributed if it is applied in mix¬ 
ture with an organic fertilizer, such as milorganite. 

For termite control a 10 per cent sodium arsenite solution is effective 
when applied to the soil next to foundations, underpinnings, service pipes 
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under buildings, or other l>ridges o\ei' wliicli t(Minit«‘s niighl gain entrance. 
Application should he at the rate of P 2 Jijdlon.' pen linear toot. It should 
be remembered that this arsenical is injurious to j)lants and that, owing 
to its solubility, after a year or two it w ill lx* Icaclu'd away from soil that is 
e.cposed to rain. Soil fumigants were formerly used for poisoning soil 
insects but have now’ been replaced by soil poi.sons. 

Formulation of Baits. Some insects, .such as c\itworms and grass¬ 
hoppers, can be injurious to small trees in mn.scries or newly estal>lished 
plantations. These insects and some other organisms are attracted to 
and feed upon various baits, l^y the addition of a poison to the.'^e attrac¬ 
tive mixtures, the organisms can be killed. Many bait formulations are 
elTective. The follow’ing are representative formulas suggested by Chaig- 
head (1950): 


Bait kok Cutw ohm.s 

Coarse wheat l>raii. 100 Ih. 

Sodium Hiiosilicate. 4 Ih- 

Water (enough to moisten). 10-12 gal. 


The poison is mixed in the water and the resulting suspension used to 
moisten the bran. The bait should be sprinkled over the nursery at the 
rate of approximately 30 pounds per acre. 


Bait for Ghassiiopi’Krs 


Mill-run bran, mixed feed, or shorts. 25 lb. 

Sawdust. ^ bu. 

or 

Stamlard bran. b). 

Sawdust. 2 5 bu 

or 

Bran. 100 lb. 

To one of the above add: 

Chlordane (50 per cent wettablc powder). 1 lb. 

Water (enough to <lainpcn). 10-12 gal 


Any of these baits can be most conveniently blended in a mechanical 
mixer; w'hen done by hand, the dry ingredients may be spread on a tight 
floor and turned over with a shovel until thoroughly blended. Then 
water should be sprinkled a little at a time over the mixture to moisten it. 
The bait should be distributed at the rate of 10 to 15 pounds per acre. 

Arsenic trioxide is sometimes mixed with bran, mixed feed, or shorts, 
and sawdust, in place of the chlordane or toxaphene. The rate for this 
mixture is 4 pounds per 100 pounds of the dry mixture. Four quarts of 
molasses per 100 pounds of dry mixture are usually added to baits that 
contain arsenic. After the dry ingredients are thoroughly mixed, the 
molasses is diluted in 10 gallons of water and added slowly, continually 
Diixing the bait. When finished, the bait should be moist but not lumpy. 
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INDIRECT EFFECTS OF INSECTICIDES 


X() insecticide can be applied in the forest so that its effects will be 
cniirelv restricted to tlie pest against which it is directed. Inevitably 
^ome associated organisms will he injured. When we use poisons against 
noNit)Us insects. o\ir objective should be to minimize, as far as possible, 
injury to desirable forms of life. 

Effects on Parasitic and Predatory Insects. The parasitic and preda¬ 
tory insects are. as a rule, little affected by stomach insecticides. On the 
other hand, they may be seriously affected when exposed to contact 
poisons, d'bis undesirable effect of contact insecticides is difficult or 
inipo.ssiblc to avoid. Only by making the insecticidal application at a 
time when a minimum of parasite adults are in flight can the adverse 
effects be ameliorated. 

Not infreciuently. pests exhibit differential degrees of susceptibility to 
certain insecticides. For example, aphids and spider mites are less 
susceptible to DDT than are their parasites and predators. As a result 
of tliis fact, aphids and mites sometimes increase enormously following 
forest spraying with DDl. I he explanation is obvious. XIost of the 
in.s(M-t predators and parasites are killed while only a part of the aphids or 
mites are destroyed. The surviving pests reproduce rapidly and reach 
excessive numbers before the survi\ing or immigrating parasites and 
predators can increase sufficiently to control them. These outbreaks 
that result from the application of insecticides are usually sporadic and 
subside l)efore serious damage to the forest results. 

Effects on Terrestrial Vertebrates. Since DDT has proved to be 


especially valuable for spraying forests, there has been a tendency toward 
undertaking tremendously large forest-spraying projects. Because areas 
of 100.000 acres can be treated without difficulty, the trend has been 
toward larger and larger projects. Although the large spraying opera¬ 
tions arc efficient and usually far cheaper per acre than smaller projects, 
they have their disadvantages, as we shall see later. 

Fear has frequently been expressed that widespread spraying may have 
a deleterious effect upon forest vertebrates. As a result, much effort has 
been directed toward measuring the effects of various insecticides, 
especially DDT, upon birds and mammals. No direct injury to mammals 
has thus far been demonstrated, but some adverse effects upon birds have 
been observed when repeated doses of DDT have been applied (Robbins, 
1 Oo 1). Apparently moderate doses are only slightly injurious (Kendeigh, 
1947). 


Of all the possible synthetic organic insecticides that might be used, 
only DDT has been adequately tested in its effects on vertebrates. 
George (1948) found that considerable injury to birds resulted from the 
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application of 4 pounds per acre to low-^rowiufi. woody, and herliaceous 
vegetation. Wrens, warblers, ehat.s, grosbeaks, and buntings were 
almost eliminated while cuckoos, tree-inhabiting warblers, and vircos 
were less affected. In a forest the injury would have been less owing to 
the interception of much of the spray by the upper tree crowns. 

George (1948) also demonstrated that nestling birds may be killotl it 
they ai^ fed exclusively upon DDT-poi.soned insects; if poisoned and 
unpoisoned insects are mixed, the nestlings .show no apparent ill elteets. 
Since the usual dosage of 1 pound per acre does not kill all insects in 
treated forest areas, neither young nor adult iiirds appeared to suffer 
serious adverse effects. These findings support tho.se ot Hoffmann and 
Linduska (1949) and the field studies of Kendeigii in Ontario. It is clear, 
however, that DDT dosages in fore.sts in exee.ss of 2 pounds per acre are 
likely to’produce adverse effects upon birds. Uejitiles and amphibnuis 
are apparently somewhat more susceptible than are binls, but very little 
specific information is available on the reactions of cold-blooded verte¬ 
brates to DDT or other in.secticides. 

Effects on Aquatic Organisms. Application of DlVl' at 1 pound pet 

acre destroys a large proportion of the inse<-t life in streams but only 
certain kinds of fish are directly affected. Some bottom-teeding fish m 
trout streams are killed as are some surface-feeding fish. liout aie. 
however, apparently unaffected, even when their usual insect food is 
destroyed. According to Adams W nl. (1949) these fisli are eapab e ot 
changing their food habits and temporarily feed upon organisms that aie 
not killed by the DDT. Heavier dosages ot DD 1 are d.recUy 
to trout. pounds per acre being fatal to some individuals. ( ot am 
and Higgins (194G) report that in coastal waters do.sages greater than 
0.2 pound per acre are likely to be injurious to some fish, ciabs, and 

"■ F^om the above we see that information on the ejfe.-ts of DDT on 
a„uatic organisms is conflicting. We must cone ude ^ 

these organisms, as a rule, are far more suscept.lrle to DD 1 " 

terrestrial vertel.rates. But damage done to lakes and ^ 

corrected within a season by immigration of new organisms and .epro- 

duction of survivors. tKof 

Tests of various DDT formulations have clearly ^ 

emulsions are far more toxic to aquatic animals tlurn are 
This effect is probably due to the capacity of the emulsion to mix 
walerlrd tLs carry the poison into direct contact with f-e-s—i^ 
animals. Much of the oil solution, on the other „ 

on the water surface, is carried away and few 

vegetation or along the shores, where it can contact comparatn ely 

organisms. 
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Effects on the Soil. Accumtilafions of DDT in the soil kill not, only 
injurious soil-inhahitiiiK insects but also many beneficial species. No 
serious olYects from ordinniy dosuKes. however, have been ob.served on 
nitrifyinji f)rgunisms. N(‘\'ertheless, we must suspect that serious injury 
is likely to result from heavy accumulations of DDT or other stable 
compounds. 

llolfmann and Linduska (1949) emphasize this point when they say, 

There lire still iiuuiy unknowns ie^!:arding the hioloKical efTects of the many new 
economic poisons. With reference to DDT and its remarkable stability under 
.>Jome conditions, one of the most critical needs is for a better understanding of the 
hazards implied hy possiljle raimulative a<‘tion. Studies now under way should 
bring enliglitenmont regai'ding this possibility, not only as it eouUl afTeet humans 
ami wildlife populations, hut fundamentally the soil ami plant life. 

More specific information on tliis matter bas been presented by 
Webster (19r)l). wlut states that as little as ."> pounds of DDT per aere in 
the soil is injurious to some lieibaeeous plants, whereas tremendous 
aecumulations appear to have little or no olTect on orchard trees. 


LIMITATIONS OF CHEMICAL CONTROL 

('ontrol of forest insects by means ot chemicals has a strong popular 
appeal, partly beeuiise some of its fundamental limitations are not imme¬ 
diately apparent. Xevertlieless. these limitations must be recognized 
by the forester if he is to approach insect problems intelligently. 

Temporary Character of Treatment. One of the more conspicuous 
limitations of chemical control is the temporary character of its efTects. 
The treatment does not improve forest conditions in respect to insect 
.susceptibility. A few weeks after treatment, the trees are as subject to 
tjew infestations as they were before. Therefore, we have no guarantee 
that the application of chemicals will not be required again within a few 
years, since the .same causal conditions that gave rise to the original out- 
l)reak are apt to bo still present. If we are to rely on chemical control, 
we must recognize the probability that frequent treatments will be 
required during a tree rotation. 

T'lie exception will be a situation where a certain age-class of trees is 
attacked by a pest immediately prior to the time when such trees will grow 
out of a susceptible condition. For instance, serious injury by the 
Saratoga spittlehug is limited to that period after the pines have reached 
a height of 3 or 4 feet but before the crowns close in and kill the ground 
cover. Spraying immediately prior to closure, therefore, would be likelj' 
to carry the trees through the few remaining years of susceptibility. 

Resistance of Certain Insect Races. T^epeated treatment of an insect 
population with an insecticidal material is likely to result in developing 



resistant strains tluit cannot l>o controlled by tlu* poison. For example, 
the San Jose scale, Af:pi(holiis pcrnicto.sufi, a sc'rious pest of fiuit trees, 
developed a marked resistance to lime-sulfiir sprays that formerly had 
produced good control. Similarly the codling moth, Carpocapsn pomo- 
nella, has developed great resistance to arsenical sprays, so that ‘new 
insecticides for this species have been retjuired in some localities. 'I'his 
phenomenon has profliiced in some strains of the house fly a great resist¬ 
ance to DDT, a characteristic which has continued through many 
generations. 

Presumably this building up of resistance is the result of selection by 
the insecticide; susceptible individuals being killed and nonsusceptible 
individuals surviving. The progeny of the survivors are also likely to be 
nonsusceptible, so that after several repealed applications of the same 
insecticide resistant races appear. This phenomenon has been observed 
repeatedly, and entomologists recommend that dilTerent insecticides be 
used in successive treatments in order to avoid developing resistant 
strains. 

Effects on the Biotic Balance. Since we cannot treat one insect species 
with insecticides without, at the same time, injuring others, we must con¬ 
clude that spraying has a marked influence upon the norma! condition of 
biotic balance. We have referred to a temporary situation of this sort 
when outbreaks of aphids or spider mites have followed treatments with 


DDT. 

Disturbances of this kind are likely to be temporary if only a few square 
miles of forest are treated and those only occasionally. On the other 
hand, repeated treatments of extensive forest areas could so change the 
biotic conditions that more and more freriuent spraying would become 
necessary. A similar situation in orchard practice may be cited. During 
the decade following 1910, three applications of spray were sufficient to 
control most orchard pests. Today from eight to twelve treatments are 
necessary to control the same group of pests. Unless we recognize the 
limitations and hazards of forest spraying, we may find ourselves in a 
position comparable to that of the orchardist. 

A Realistic Viewpoint. Insecticides provide the forester with a power¬ 
ful weapon against forest insects. If intelligently and conservatively 
used, it can save, for man's purposes, millions of trees that otherwise 
might be destroyed by insects. On the other hand, when carelessly or 
unwisely used, insecticides have the potentialities of great injury to 
valuable organisms and the serious disruption of the biotic balance. 

For these reasons insecticides must he used with caution and only when 
and where they are required to save losses that ofhenvise could not be avoided. 
The promiscuous application of insecticides to forests cannot be justified. 


CHAPTER X 

METHODS OF INDIRECT CONTROL 

'I'hc control of forest insects by direct methods described in preceding 
cliupters is, in its very natvire. expensive. Furthermore, these methods 
are curative and are emergency in character, designed to save materials 

in.nu..liut..ly tl.reatenea. They neither pinduce permanent 
improvement in fore.sl eonditions nor reduee tlie protwbihty of future 
outl.renk.s. I.i contrast, tlie indirect type of control, which will now he 
diseusseil, i.s preventive rather than curative. The elTects are relatively 
permanent, in that tliey create long-lasting conditions that restrict the 
increase and sprea.l of potentially injurious insects. Indirect control 
will cover all those procedures that are de.signed to prevent damage 

to forests bv insects. 

Indirect control must usually be applied before the pest becomes epi¬ 
demic. 'rherefore. it may not be so spectacular as spraying from an 
airplane Hying 50 feet above the treetops. but it is finite as effective and 
far more economical. Tlie application of indirect control calls for a 
thorough understanding about the habits of the pests, their relation to 
other associated organisms, and their reactions to the physical elements 
of their environment. Needless to say. our knowledge is not always 
sufficiently complete to make possible the application of indirect methods 
to all proiilems, but much progress in this direction has been made-far 

more, in fact, than is sometimes realized. 

For many years indirect-control measures have had a place in the 
protection of freshly cut wood. More recently, these measures have 
been applied to the control of insects attacking living trees. In the 
following chapters are discussed some of the important indirect methods 
that have actually been applied to the control of insects of forests and 
forest products and some that show promise. The discussion of indirect 
control will be divided into four parts: (1) prevention of spread. (2) modi¬ 
fication of nutritional and physical conditions: food supply, moisture, 
temperature, (3) use of parasites and predators, (4) application of silvi¬ 
cultural practices. 

PREVENTION OF SPREAD 

A list of the forest pests of the United States and Canada includes 
numerous enemies that have been introduced from foreign lands. Out- 
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standing among them are tlie gypsy moth. HorHu-lriu di&par; the 
hrowntail moth. Xygniia phacorrhocd: the poplat and willow horer. 
Cryptorhynchus lapathi; the European spruce sawfly. Diprion {(iilpino) 
hercyniae; the elm leaf beetle. (lalcrncUlln .vanllioni(l(i(n<i: tlie larch ease- 
bearer. Coleophora laricclla: and possibly the lareli sawlly. Prisdphora 
erichsonii. The great majority of tltese unwelcome immigrants readied 
America prior to 1912. 

In addition to these immigrants, some of our native species have 
expanded their range to include localities from which they were originally 
absent. In an effort to check this invasion and spread ol pests, regula¬ 
tions liave been adopted, by both Federal and state governments, pro¬ 
viding for <iuarantines and embargoes to prevent invasion ot new pests 
and inspection and certification to ensure that products in commerce are 
not infested with dangerotis insects. 

Legislative Approach. The fir.st (luarantine act was passed by the 
C'ongress of the Ignited States in 1912. Since that time otlier acts, 
complemented by similar legislation in {'anada and Mexico, have im]>le- 
mented national inspection and quarantine systems until a high degree 
of efficiency has been attained (Strong. 1938). In line witli Federal 
legislation, the various states have enacted laws to control the movement 
of plants or plant products that might harbor dangerous pests. 

Prior to 1912, plant products of all kinds could be moved freely both 
into and within the Ignited States. As a result of low costs in Europe, 
nursery stock of all sorts was propagated overseas later to be shipped to 
American nurseries as lining-out stock. Some conifers, such as C olorado 
blue spruce, were grown in Europe to the height of a foot or more, before 
being shipped with the roots balled in earth. Without inspection oi any 
restrictions on movement of stock from infested to uninfested areas, the 
number of introduced pests grew at an alarming rate and action became 


imperative. 

Laws regulating the movement of plants may be grouped into two 
general categories: (1) quarantines and embargoes and (2) inspection and 
certification (Wardle, 1929). No attempt will be made here to discuss 
the specific legislative acts. This has been effectively covered by Stiong 
(1938). In the following two sections we shall present only the objec¬ 
tives and the results that may be expected. 

Quarantines and Embargoes. Quarantines are designed to regulate 
the movement of products from one locality to another in such a mannei 
that the introduction of pests into uninfested localities will be either pre¬ 
vented or retarded. Embargoes prohibit the entry of products from 
localities where a certain pest is known to occur. Quarantines prohibit 
movements except under specific restrictions that are deemed adequate 
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to prevent spread of undesirable pests. For 
placed in (juaiantine at i)ort of entry until it 
as linnination or dipping, in order to destroy 
Or a shipment may be planted temporarily 
(‘lose inspection demonstrates the presence 
from infestation, the plants may then be 
territorv. If infested, they are destroyed 


e.vample, a shipment may be 
has received treatment, such 
any pests contained therein, 
in a quarantined area until 
or absence of pests. If free 
distributed into uninfested 
or treated to eliminate the 


nest s. 

Kmbargoes prohibit entirely the movement of products from one 
locality to another. Tliey are applied to products that cannot be elTec- 
tively inspected and that grow in localities known to he infested. For 
example, there is a strict embargo against importing any plants with 
roots balled in earth. Embargoes on localities are usually temporary and 
are lifted when it is considered safe to do so. Quarantines and embargoes 
are used both between the United States and other countries and between 
the various states. Occasionally they may be applied to areas within a 

state. 

Inspection and Certification. Plant products entering the United 
States and Canada are all subject to governmental inspection at port of 
entry. If found free of dangerous pests, they are then permitted to enter. 
If infested, they are destroyed or, if practicable, treated to eliminate 
the infestation. Similarly, importations into states are subject to state 
inspection. The task of inspecting all forest products moving in com¬ 
merce would be stupendous and would require a force of men entirely 
out of reason. In order to reduce the task of inspection of individual 
shipments, therefore, certification may be made at the point from which 
a shipment originates. After nurseries have taken all prescribed pre¬ 
cautions and made all required treatments, they are given an examination 
and, if free from dangerous pests, a certificate for one season is issued 
covering their stock. A copy of this certificate must be attached to each 
individual shipment. In order to implement this law, common carriers 
are forbidden to accept any living plant materials that do not bear a 
certificate of inspection, unless such shipment is routed through an 
inspection office. 

Pros and Cons of Regulations. The combined enforcement of all these 
regulations has resulted in tremendous benefits. One of the most impor¬ 
tant results has been the elimination of infestations at source, both \Wthin 
the United States and abroad. The probability that an infested ship¬ 
ment vdW be detected, confiscated, and destroyed has greatly discouraged 
carelessness on the part of nurserymen and importers. Undoubtedly 
the regulations have prevented the introduction of many pests and have 
retarded the spread of those already here. 
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The enforcement of regulations lias been oflicicnt and for the most part 
etfective. in both national and local services. .Nevertheless, we cannot 
expect that any pest can be permanently excluded from any locality 
where suitable conditions prevail. Xo matter how careful an inspector 
may be, there is the ever-present danger that some pest may escape his 
eye. Also, an insect that is relatively innocuous in its nati\ e liabitat may 
become injurious when introduced into a new locality. The inspector 
may not be warned against one of these and, therefore, may fail to 
observe its presence. When human frailty is considered, the (luality of 
the inspection services deserves the highest commendation; nevertheless, 
we must recognize the weaknesses inherent in the system. We must 
expect every potential pest ultimately to reach every suitable point on the 
earth, regardless of our efi'orts. However, if through the enforcement of 
intelligent regulations the spread of pests into new areas can be retarded, 
the enforcement services will have ju.stified themselves. 

Since we cannot expect inspection to be perfect, there are certain pre¬ 
cautions that foresters should ob.serve: (1) The movement of planting 
stock outside the natural range of a species should be discouraged. (2) 


Within their natural range, living trees should never be moved from an 
area infested with a dangerous pest, into an uninfested area. (3) When¬ 
ever a species is to be introduced into a new locality, it should be giown 
there from seed. (4) Local nurseries should be established to serve eacli 
general locality. (5) In so far as practicable, nursery windbreaks should 
be of species not grown in the nursery, these precautions, supple¬ 
menting the enforcement of statutory regulations discussed above, will 
help prevent the movement of pests from an infested locality to another 


that is uninfested. 


MODIFICATION OF FOOD SUPPLY 

For control purposes, the food supply of an insect may be modified in 
three different ways: (1) It may be made inaccessible by erecting either 
chemical or mechanical barriers, (2) may be made less available by reduc¬ 
ing its actual quantity, (3) may be made unavailable by changing its 
composition. Various methods of obtaining these modifications will now 

bs disciiss6cl 

Inaccessibility through Barriers. Although the use of chemical 
barriers in the control of wood and tree insects has not been developed to a 
high degree of efficiency, it has been demonstrated that many of ^h® 
common spray materials may be used in this way. A number o t em 
have a decided repellent effect upon insects; for example, Bordeaux mix¬ 
ture, lime sulfur, iron sulfate, various organic compounds, and to a certain 
extent, even whitewash. All these repel insects for a time after t ey are 
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applioil. In addition to tliesc materials, there are a number of tree paints 
on the market that are intended to give protection from insect attack. 
Caution should be exercised in selecting proprietary repellents, as some of 
them are valueless and some are actually injurious. In general, the use 
of paints should bo avoided. One very good repellent wash has been 
developed by Pettit (11123). It is a soft-soap mixture containing naph¬ 
thalene. It is elTective again.st a number of borers: for example, chry- 
s()bolhris. Its use is limited, however, as it is difficult to mix and, like 
other washes, i.s tedious to apply. Furthermore, this and other washes 
must be applied .several times during a season to ensure satisfactory 
results. \’arious chemicals, creosote and carbolineum, for example, 
applied in the form of an emulsion, have a strong repellent effect upon 

many wood borers. Numerous substances that are u.sually thought of as 
% 

l)eing insecticides have a definite repellent effect upon insects. 

Many chemicals have been tested as repellents on green logs to prevent 
% 

their infestation with wood-boring in.sects. Oil solutions of creosote, 
pyridine, orthodichlorobenzene, chlordane, benzene hexachloride, and 
pentachlorophenol haye proved to be more or less elTective in experimen¬ 
tal tests, but it is not clear where repellency ends and insecticidal effect 
begins. The trend seem.s to be in the direction of using residual insecti¬ 
cides rather than repellents. 

In the protection of trees from insect attack, mechanical barriers are 
often used. In Europe such barriers have found a place in timber 
forests; in America, because of high cost, their use is confined to ornamen¬ 
tal trees. Sticky bands encircling the trunk are used to prevent defoli¬ 
ating insects from climbing to the foliage from the ground. This method 

is widely used on ornamental trees to control cankerworms, tussock 
% 

moths, the gypsy moth, and other insects that spend a part of their lives 
on the ground and move to the treetops by creeping up the trunks. The 
commercial material called “tree tanglefoot” is convenient to use for 
this purpose, as it can be purchased ready for use in any desired quantity. 
Workers in the Bureau of Entomology and Plant Quarantine have 
de\eloped an excellent formula that is somewhat less expensive than 
tanglefoot (Collins, 1920). To be effective, all bands should be watched 
closely to ensure renewal whenever they lose their sticky quality. Screen¬ 
ing of the trunks of especially valuable shade trees has been recommended 
by Burke (1921) to prevent their reinfestation by the carpenter moth. 
This method is, of course, too expensive to use except under unusual 
circumstances. 

In the protection of forest products, particularly seasoned materials, 
the use of mechanical barriers is important. For instance, one of the 
most efficacious barriers against insect infestation is a coat of paint or 
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varnish applied over the surface of susccpi ible wood. Tliis is particularly 
elYective against dry-wood ius(>cts; for e.\anii)le, the lyctus powderpost 
beetles (Snyder, 192()). liecause tlu*se l)oetle-'; deposit tlieii’ eggs in the 
open pores of seasoned hardwood lumber, a coat of i)aint or \'arnish that 
closes these pores prevents infestation. 

Reducing Quantity of Food. Reduction in the (juantity of food avail¬ 
able for insect pests olYers an elYective means of in.'iecl control, especiall}’ 
in the protection of forest products, d'his may be accomplished in 
several dilYerent ways. Three of the most usual are lyv prompt utiliza¬ 
tion. by barking freshly cut logs, and by the disposal of waste materials. 

Prompt utilization of logs and other forest products is one of the most 
obvious methods of preventing in.scct injury to this class of materials, 
but it is surprising how often the importance of this simple means of 
protection is overlooked. A tree is mo.st susceptible to in.sect attack 
shortly after it has been cut or killed. As the phloem region and saj)wood 
dry, the wood becomes loss and loss attractive to a large proportion of 
wood-inhabiting insects. The greatest amount of inseetda mage usually 
is done during the first season after the tree has been cut or has died. 
After that, the organisms causing decay hold the center of the stage. 

For this reason, one of the most efYective ways of preventing insect 
injury, and likewise the succeeding fungous injury, is to utilize the logs as 
soon as possible after they are cut: or to salvage without delay trees 
killed by fire, insects, or other causes before they have deteriorated. 
This calls for prompt action. When trees have been killed by a spring 
fire, the problem of prompt utilization is almost hopeless because the 
trees will be infested with borers within a few weeks after the fire. Ihiless 
it is possible to begin salvage immediately, heavy losses cannot be 
avoided. On the other hand, when the trees are killed in the summei oi 
fall, the wood will not be seriously injured until the following spring. 
There is, therefore, more time to plan and e.xecuite salvager opeiation.s. 
The mere cutting of the trees, however, does not mean that there will be 
no loss. Logging is only the first step in the process of salvage. It 
losses are to be avoided, the logs should either be sawed immediately oi 
treated by one of the methods discussed in other se(dions. ^\ind- 
thrown trees are also subject to attack by borers and should be salvaged 


and utilized promptly. 

The utilization of recently killed trees is important not only for control¬ 
ling the insects that attack the products themselves, but also for pre¬ 
venting the increase of harmful species that might attack standing timbei. 
Disastrous outbreaks of bark beetles have resulted from their excessive 
multiplication in windfalls. The tremendous outbreak of the Engelmann 
spruce beetle, Dendroctonus engelmanni, that reached a peak about 1950 
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aftc'r destroying vast fjiiantities of spruce in Colorado, illustrates well 
the danger of neglecting wind-thrown material. Both the Black Hills 
heetle, I)i ndroclonus ponderosae, and the mountain pine beetle, Den- 
droclonus monliculnc, are species that frequently build up to outbreak 
proportions in fire-killed or wind-thrown materials. 

Prorni)t utilization will also protect green logs, cut in regular logging 
operations. 'I'he shorter the time between felling and manufacture, the 
smaller will he the amount of food available for the insects, and the less 
w ill 1)0 the chance of loss from insect attack. The necessity for salvage 
is especially important in the case of firs and hardwoods, but is less urgent 
with large virgin-growth Douglas fir, redwood, and sequoia (Furniss, 
1937). 

Food for some wood-boring insects can be eliminated by removing the 
hark from freshly cut wood. For example, many cerambycids and 
bu])restids re<iuire phloem during their early larval stages. • The removal 
of the bark de.stroys this succulent tissue on which the young larvae are 
dependent. Barking ha.s one objectionable feature that issometimesdiffi- 
cult to overcome. As the barked log or stick of pulpwood dries, the 
outer portions shrink more rapidly than the inner parts, with the result 
that checks develop, which may reach almost to the center of the logs. 

Ordinarily, checking in pulpwood is of little consequence, although 
occasionally soot, smoke, or dust, of a character not easily washed from 
the pulp, may settle in the open checks and cause trouble. Peeled pulp¬ 
wood should, therefore, be stored so that this will not happen. Badly 
checked logs will be seriously reduced in value unless the checking is 
controlled. This can be done to a considerable degree in straight- 
grained logs of moderate size. Checks always develop radially and fol¬ 
low lines of weakness. By hacking with an axe as deeply as possible into 
a peeled log along a longitudinal line, the wood will be weakened along 
this line and, instead of many small checks, a single large one will develop 
at that point. If the log is sawed intelligently, the loss from this check 
will be very slight. 

The proper disposal of waste materials in which injurious insects may 
breed can prevent many of our insect troubles. For instance, in manu¬ 
facturing plants that use hardwoods, the danger of powderpost-beetle 
infestation will be greatly reduced if all waste wood is promptly disposed 
of. The accumulation of such waste is very likely to lead to insect 
troubles sooner or later. 

Likewise, in the forest, the proper handling of logging waste or slash is 
sometimes important from the standpoint of insect control. The ordi¬ 
nary methods of slash disposal are directed primarily toward fire preven¬ 
tion ; as a result, only the smaller and more inflammable portions of the 
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slash are taken care of. Tins type of (li.^posnl has little or no deterrent 
influence upon dangeious forest pesis. l»{M-aus<‘ the potentially injurious 
species are found only in the larger part.s such as the big branches, broken 
logs, and stumps (Graham. 1922). In order to check the multiplication 
of potentially injurious insects eflectively, dis])osal of the larger part.s by 
utilization, barking, burning, or some other suitable method is necessaiy. 

The general consensus of opinion is that hardwood slash is almost 
never a breeding place for insects that attack living trees. Even conif¬ 
erous slash is not so serious a menace as has been .sometimes slated. 
There are instances, however, when it pre.sents important problems (Keen, 
1927). As long as logging is going on, and fresh slash is continually being 
supplied by successive operations, the insects breeding in this material 
will find adequate feeding places for each generation. When logging 
operations end in a locality, then the slash insects, because of a scarcity of 
food, may attack standing trees, injuring advance growth and even 
killing some trees. Such outbreaks are usually sporadic and seldom 
occasion great losses. 

One important insect that appears to be definitely associated with 
eastern white-pine .slash is the pales weevil (Peirson, 1921). 'I'his insect 
breeds in green pine stumps, and the adult beetles, emerging therefrom, 
injure small seedlings by chewing the bark. In regions where this pe.st 
is abundant, barking of stumps is recommended to check its rate of mul¬ 
tiplication; thus protection is afforded for the seedling trees on cutover 


areas. 

Changing Food Composition. Since each species or group of species 
has its own special food requirements, anotlier means of insect control is 
made available. If we can change the character of the insect's food so 
that it is no longer suitable for consumption, we can reduce the growth 
and development of the insect correspondingly. Fortunately this modi¬ 
fication is often possible, and consequently some of the most effective 
control methods are based on this plan. These methods are especially 
applicable to the control of phloem and phloem-wood insects working m 
freshly cut wood. The phloem region, even at best, is suitable for the 
development of these insects for only a comparatively short time. If 
this period can be still further shortened so that there is not time for 
development, or if a change in composition can be brought about before 
the wood is exposed to insect attack, injury by phloem-wood insects can 

be reduced or eliminated. . .i. i r 

One of the ways by which wood may be protected from the attack of 

phloem insects is to give an opportunity for changes to take place m the 
inner bark before time for the insects to begin work. is can e 
accomplished by cutting at the proper time of year. Unpublished results 
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by (Viii-rliead. Hall, and others show that logs cut at different seasons 
of tiie year exhibit decided differences in susceptibility to insect attack. 
()l)servat ions in tlie held indicate that in northern California and Vir¬ 
ginia. logs cut in autumn and early winter are less subject to attack than 
are those eiit at other times. Experiments in northern Minnesota by 
tlie author have sliown that logs cut during lute summer and early autumn 
are less subject to borer injury than are logs cut at other seasons of the 
year. rirnber cut at that time is not immediately attacked, because no 
pliiof'in insects are flying at that season. Not until the following spring, 
8 or 9 nuuiths later, will these insects be on the wing. By that time, 
ehanges in the inner bark will ha\'e taken place that reduce its attractive¬ 
ness and desirability for use as a breeding place. Exactly what changes 
occur during the tall and winter i.s not known, although they are evidently 
both jihy.sical and chemical in nature. When the phloem darkens, it no 
longer furnishes suitable food for the borei-s; even when no apparent 
change has occurred, timl)er cut in the autumn is not so susceptible to 
attack as the .same tree species eut in late winter or early spring. 

Cutting at a specified time is one method of insect control that has been 
little used, hut from the results of experiments, it appears that, in some 
instances, a bonus might profitably be paid hy buyers for material cut in 
late summer and autumn. This would tend to encourage small operators 
to increase cvitting at that season of the year, thereby reducing the quan¬ 


tity of wood su.sceptihle to insect attack. 

When it is impracticable to cut wood during a certain period of year, it 
may -still he possible to change food conditions in other ways. The 
period of su-seeptihility can be shortened by rapid drying. This can be 
secured in thick-harked pieces by removal of the bark. Barking accom¬ 
plishes a doulde effect. It reduces the total quantity of food available 
for the phloem caters, and it makes po.s.sible the rapid drying of the sap- 
wood, with the consequent food ehanges. Thus the wood soon becomes 
unsusceptible to the attack of those insects that feed in green sapw'ood. 
Rapid seasoning of thin-barked pieces may be accomplished by stacking 
the wood in well-ventilated piles. In the cooler northern latitudes, how'- 
cver, the rate of drying may be so slow^ that even thin-barked pieces wdll 
be infested while still green. In such localities, both barking and piling 
in well-ventilated piles are necessary to prevent infestation. 

In the Soutli, on the other hand, rapid sun curing for the purpose of 
modifying the character of the food has been used successfully. Under 
this method, the pieces of wood are either piled in open piles or, in the 
case of logs, placed side by side on skids. In the latter case, it is neces¬ 
sary to rotate the logs every few’ days to ensure even curing on all sides. 
The rotation of the logs results not only in hastening the seasoning rate 
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but also in killing directly by heat any inseeis that may attack the l(,gs 
during treatment. 

Seasoning wood for the purpose ol pioducing uttfaxorable tOod condi¬ 
tions for insects is not only applicable to logs and bolts tait also lias its 
place in the protection of sawed lumber. During the procc.ss of drying, 
food modifications occur that prevent all future attacks of some in.sects. 
even though moisture conditions may later become favorable. Aml>io.sia 
beetles are representatives of this group. The more rapid the seasoning, 
the shorter will be the period during which attack by these pi'sts will he 
possible. Careful piling of green lumber in such manni'r tliat there is 
free circulation of air through and around the piles hastens drying, liut 
where the equipment is available, kiln drying i.s an even better course of 
procedure. 

Still another means of protecting freshly cut wood from insect attack is 
by water treatment. The chief effect of tliis treatment is to change, 
unfavorably, the moisture conditions. This ciTcct will lie discussed in 
the following section. But water treatment also changes food conditions. 
It is a matter of general knowledge that after logs have been in water for 
some time they cease to provide suitable food for many wood-boring 
species. Logs driven to the mill in water are only slightly susceptible to 
insect infestation when removed from the water. D(*adhoads when 
taken out of the water are practically safe from insect attack, (’raighcad 
(1950) has shown that a submergence of 12 montlis so changes tin* physi¬ 
cal and chemical nature of logs that thej' are no longer susceptible to 
infestation. Short periods of floating in water have comparatively little 
effect upon food composition within the wood. For this reason, short 
periods of driving followed by removal from the water have little or no 
effect either upon the insects present in the logs or upon the susceptibility 
of the wood to later infestation. To he effective in changing food condi¬ 
tions, water treatment must be continued over a period of from several 
months to a year. 

MODIFICATION OF MOISTURE 


It was shown in Chap. V that one of the most important factors deter¬ 
mining the rate of insect development is moisture. Insect development 
is limited by the moisture requirements of each species to a definite 
moisture zone. Outside this zone of moisture toleration, development is 
impossible; consequently, control of insects in logs may be accomplished 
either by lowering the moisture content of the logs below the limits of 
the insect’s toleration or by raising the moisture content above that zone. 

Reduction of Moisture. We have seen in tlie preceding section that 
piling, barking, and sun curing are methods that may be used to change 
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inifav<>ral)ly tlio composition of insects’ food. The same methods may 
sntnt'liinc.s he used for the purpose of reducing the moisture content to a 
point lielow the zotii* of moisture toleration. The common recommenda¬ 
tion to stack freshly cut wood in well-ventilated piles is of little value 
for thi< k-harked logs. Only logs with very thin hark will season quickly 
and even these, unless exposed to high temperatures in a dry atmosphere, 
will retain a high moisture cotttenf for several months. In most cases, 
therefore, comparatively rapid .seasoning of freshly cut wood cannot be 
obtained except by removing the bark previous to piling. 

If retilly rapid drying can be .secured, it is an excellent means of con¬ 
trol, for it operates in two directions at the same time. Indirectly, it 
prevents future attack by wood-boring species and, at the same time, it 
directlv checks the activities of insects that have already become estab- 
lished in the wood, slowing up their rate of development and sometimes 
even stopping it entirely. .\n example of this is found in the ease by 
which the larvae of the baksam-fir sawyer, Monochamus marmorator, are 
killed by thorough drying of the wood in which they are working. This 
elTect has been observed by the author in attempts to rear this insect, 
t'nless the logs are kept moist, few. if any, of the beetles will emerge. 

Increasing Moisture. In many instances it is much easier to raise the 
water content of freshly cut wood above the point of insect toleration 
than to lower it below the favorable zone. We have already seen how 
water treatment, like .seasoning, may control insects by changing the 
composition of their food. Now we shall see that the same treatment, 
witli certain limitations, may be used to change the moisture content to 
such an unfavorable condition that insect development \nll be checked 
and sometimes entirely stopped. 

'fhere are two different ways of applying the water treatment: (1) by 
.sprinkling the wood or (2) by floating it in a pond. The method selected 
for any particular case will depend upon existing conditions. Each has 
its advantages and disadvantages. 

The sprinkler system has been used only upon pulpwood, although it 
could be used with equal effect upon saw logs. Under this system, during 
the season of insect activitjq the wood throughout a pile is kept con¬ 
tinuously dripping wet by throwing water on it. This may be accom¬ 
plished by an overhead SN^stem of pipes, or the water can be thrown from 
the ground by cither stationary water guns or a hose. The overhead 
system is expensive to construct and may interfere with the handling of 
wood in the yard, but since it requires a minimum of attention, it is very 
cheap to operate. The method of throwing water onto the wood from the 
ground requires little or no additional equipment, inasmuch as most 
woodyards are equipped with water mains for fire-protection purposes; 
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but it does roquirc a certain amount of labor in direct iii}^ the stream of 
water. In both metliods of spi inkier system it is, of course, necessary to 
provide drainage to carry olY the surplus wat(‘r. 

In treating wood by tlie sprinkler systtun. it should always be borne in 
mind that the effectiveness of the r)peration depemds piimarily upon the 
thorougiiness of the wetting. Unless all the wood in the pile is kept wet. 
the treatment will have little or no beneficial elTeet. This system is 
likely to give the best results when applied to irregulaily ))iled wood ot 
short length. On evenly stacked piles, the water is likely to run off rather 
than to drip through the pile. 

The second method of raising tlic water content of freshly cut wood 
above the point of insect toleration is, as stated al)ove. by floating it in 
water. This method can he used to protect not only wood .stored at the 
mill but also freshly cut material in the woods, 'hhere is no more eco¬ 
nomical way of preventing injury to wood that must be held in the forest 
during a season or more than to get it into water. 

If the wood is free from infestation when it is floated, infestation will 
usually not occur, especially if the logs are being worked. If it has been 
infested by wood borers prior to floating, the borers will develop no fur¬ 
ther and, if the wood remains in the water long enough, the insect inhabi¬ 
tants will die. Like most generalizations, this one has certain excep¬ 
tions; for instance, large logs floating in water may be attacked on the 
upper side by ambrosia beetles. 

The cliief objections to the floating method of protection are: (1) Ade¬ 
quate water space may not be available. (2) A considerable proportion 
of the floated wood will become waterlogged and sink, thus resulting in a 

total loss or a heavy expense for salvage. 

In connection with this discussion of water treatment, other benefits 
than the protection against insect injury .should not be ignored. Wood 
treated by either sprinkling or floating is protected not only against 
insects but also against the growth of lungi. Both stain and decay are 
checked or prevented by water treatment. Another benefit is the reduced 
fire hazard. It is practically impossible to burn wood stored under either 
of the methods discussed- The danger of fire in and around mills using 
one of these systems is, therefore, reduced, with the result that insurance 
rates are lower. All these benefits combine to make water treatment an 
especially desirable means of protecting wood. 


MODIFICATION OF TEMPERATURE 

Wood-boring insects have, as stated in Chap. V, a definite zone of tem¬ 
perature in which they are active. Within this zone, the rate of develop¬ 
ment varies with the temperature. The higher the temperature, the 
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moiT rapid llioir dovolopment. (’onvcrsely, the lower the temperature, 
the slower the rate of development. This reaction to temperature pro¬ 
vides us with another useful weapon in insect control. Theoretically, we 
can either lower or raise tlie temperature of wood to a point where insect 
activities are checked. Actually, however, there is little opportunity for 
controlled use of hiRh temperature in an indirect way. Usually the 
indire< t control of insects by temperature regulation is through lowering 
temperature. 

Reduction of Temperature. In cool climates where, even at best, there 
is barely enougli heat for the succe.ssful development of insects, their 
control can often bo secured by lowering the temperature. The simplest 
wav to do thi.s is to protect the wood from the effects of the sun by shad¬ 
ing. In warm, humid climates, of course, the control of insects by reduc¬ 
tion of t(‘mperature is not ordinarily feasible. 

lv\[)eriments in Minnesota have shown that the temperature of logs 
can l)c greatly reduced by heavy shading, and that the rate of develop¬ 
ment of certain wood borers is correspondingly retarded or even entirely 
stopped (C'lraham, 1925). The pine sawyer, which under favorable con- 
ditiot»s completes its development in I year, requires from 2 to 4 years in 
lieavily .shaded logs. Chrysobothris is even more seriously affected and 
is unable to e.vist under heavy shade. Heavy shading not only reduces 
tin* developmental rate but also appears to reduce the amount of infesta¬ 
tion of logs by wood borei*s. To obtain satisfactory results, however, 
\ery heavy sliading is necessary. Slight shade has a tendency to make 
conditions for wood-boring insects even more favorable than full sun¬ 
light and frequently results in an increased rate of infestation. There¬ 
fore, when shade is used to reduce the damage to logs caused by wood 
borers, it is essential that it be very heavy. 

In the Lake states, experiments have shown that the practice of heavy 
shading may be used effectively in preventing the multiplication of those 
slash insects that are potential pests of li\nng trees. If the smaller slash 
i.s piled over the larger parts, physical conditions in these larger parts 
become unfavorable for the development of the potentially injurious 
insects. 
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INDIRECT CONTROL BY PARASITES AND PREDATORS 

Througliout the ages, wlienever harmful insects liave heen observed, 
the attention of biologists has been attracted by activities ol parasites 
and predators. The possibility was early recognized tliat these organ¬ 
isms might be used for control purposes. Eor use against forest insects 
they were especially attractive, since the direct control of forest pests 
seemed, in early times, to present almost insurmountabh' ditnculties. 

The use of parasites and predators presents tremendously promising 
possibilities for indirect control. Unfortunately, however, we do not yet 
fully understand how to manipulate and encourage the benelicia! activi¬ 
ties of these organisms, so that they will always work for man’s best 
interest. Nevertheless, much progress is being made in this direction. 

TWO APPROACHES TO BIOTIC CONTROL 

There are two distinct approaches to the use of biotic factors for indi¬ 
rect control; (1) the introduction of these organisms into areas where 
they do not occur and (2) the encouragement of those already prc.sent. 
The introduction of parasites and predators into new environments has 
usually been directed against introdviced pests, because these pests are, 
as a rule, without natural enemies in their new environment. Environ¬ 
mental manipulation, designed to improve conditions for native parasites 
and predators, applies equally well to both foreign and native pests. 

Introduction of Biotic Control Organisms. The attempts to control 
forest insects by biologic means have most often been directed toward 
introducing beneficial organisms to check the ravages of foicign pests. 
For over thirty years the Gypsy Moth Laboratory devoted much effort 
to introducing natural enemies of the gypsy moth and other associated 
insects. During that time, more than 60 species were successfully intro¬ 
duced; 16 or more became permanently established; and 7 or 8 have 

become definitely useful in preventing outbreaks. 

In Canada similar work has been done in introducing parasites of 
injurious species of forest insects from abroad. One of t e eai les 
attempts along this line was the introduction of parasites of the larch 
sawfly. Fungous and insect parasites of this insect were broug it in o 
Canada by Hewitt (1912), chiefly from England. More recently, Cana- 
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(li.itt Icirrst ('nt<)nu)I()t;ists li;i\o {rroatly cxpaiuletl work witli parasites and 
introduced, aiiionji othei's. a nuinl)er ot parasites of the Luropean 
>pru('‘ snwfly. iJipnon ((iilpitmt) iHi'fipiKJf. ()f th(*se paiasites at least 
three were wid(d\' estahlislietl in l»oth ( aiiada and the t nited States and 
ha\'i“ pr(i\'(‘d to he valuahlo additions to our fauna. One of these is the 
tiny liymenoptero!!. M irntplirlron fnficiptnms. 



Fi(i. 23. Cocoons «»f a species of cocloides in tlie gnlleries of 1 pa oreyoni. Parasites of this 
Bonus attack many different kinds of bark beetles and Iwrers. 


Hoth in the United States and in Canada the use of biotic control has 
received increasingly more attention. Since most of the work has been 
done hy entomologists, it is natural that parasitic insects and a few preda¬ 
tory insects have held the center of attention. These animals are, how¬ 
ever, not the only organisms that are useful for biotic control. Fungi, 
bacteria, protozoans, and viruses all attack insects, thereby bringing 
about reduction of their rates of reproduction. Occasionally micro¬ 
organisms have been introduced, often accidentally, and have proved to 
be most valuable control agencies. Some of these \vi)l be discussed in the 
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following sections. Evidence that interest in these organisms is increas¬ 
ing is indicated by the establishment of laboratories of insect pathology, 
one at the University of California in 1945 and another in connection 
with the Canadian Forest Insect Laboratory at Sault Sainte Marie, 
Ontario, in 1946. 

The introduction of biotic control agencies is not always restricted to 
species imported from other parts of the world. Sometimes parasites 
are transferred from one locality to another within the United States or 
Canada. For example, Campoplex frusfranae was transported from Vir¬ 
ginia to the Nebraska National Forest to control the Nantucket pine 
moth, Hhyacionia frusirana. Also, parasites of the spruce budworm, not 
native to Eastern Canada, have been imported from British Columbia. 

Encouragement of Native Organisms. Although the introduction of 
new agencies of control has received most attention, forest entomologists 
have by no means neglected the possibilities of encouraging the good work 
of resident organisms. These organisms, as do the pests them.selves, 
respond to their physical, nutritional, and biotic environments. By 
manipulating the environmental factors, we can greatly increase the 
effectiveness of biotic control. With this in mind, studies have been made 
of the ecological relations existing between the various beneficial organ¬ 
isms and their environment. Some of this work will be discussed in con¬ 
nection with silvicultural practices (Chap. XIII), for the encouragement 
of the biotic factors must be closely tied in with woods operations. 

In the light of present knowledge, specific practices cannot always be 
suggested. Nevertheless, the forester who understands the requirements 
of some of these useful organisms, may, himself, see opportunities to 
encourage them. Therefore, this chapter will present characteristics of 
the various organisms that may be useful in this connection. 

KINDS OF ENTOMOPHAGOUS' PARASITES 

Insects become parasitized by various kinds of plants and animals. 
Of these bacteria, fungi, viruses, and insects are probably the most out¬ 
standing. Discussion will be limited to these groups, although we should 
remember that other groups are also parasitic upon insects. For exam¬ 
ple, protozoans, nematodes, and mites are sufficiently important as para- 

* The term entomophagous is used here in its broad sense meaning insect eater. 
Some authorities prefer to restrict this term to those organisms that actually devour 
the insect, as does a predator or certain parasites, using the term entomogenous when 
speaking of microorganisms that cause insect diseases. Actually, there is no point 
where a definite line can be drawn that meets the ecological requirements of the 
situation. Therefore, rather than coin a new term, entomophagous is used to include 
any organism that uses insects for nourishment. 
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sites that, perhaps, they also should he included in a consideration of 

Bacteria. References to hacterial diseases of insects are very common 
in entomoloKical literature. In view of the diflicultics attendant upon 
the positive identilication of the causative organisms, it is likely that some 
of these reports refer to elTects of other organisms. But we do know posi- 
tiv<'ly of specific haeteria that are patliogenic to insects. One of these, a 
hacterial disease of the gypsy moth, was studied by Glaser (1918). Ihis 
organism. Sircpiococcus df.s/>«rf.y like many otlier bacteria, is spread from 
lar^a to larva by contamination of the food with the feces of infected 
individuals; therefore, it can be a disease only of dense populations. 
■1 his probably e.vplains tlie fact that. although it is a very virulent disease 
under experimental conditions, it has been of little practical value in the 

field. . u * • 

rncertainty of action under forest conditions seems to be charactens- 

tie of many bacteria, especially those that infect defoliators and other 
insects that live on the exposed surfaces of plants. In certain seasons, 
they may destroy almost every individual of a host species, whereas in 
others none of the host will be'killed. AVhy bacteria are so uncertain in 
their action is a matter requiring investigation, but it can be explained 
in part by variations in weather. Bacteria, also, are density-dependent. 
'I'heir abundance, depending as it does upon the number of susceptible 
hosts available for infection, can build up to epizootic proportions only 
when their host population is dense. Steinhaus (1949) contrasts the 
durability of nonspore-producing bacteria with those that produce spores, 
pointing out that the spores are very resistant to drying and high tem- 
pei-ature. Bacteria that do not produce spores are relatively sensitive 
to physical extremes. From this we may logically assume that the spore- 
producing bacteria offer greater possibilities for the effective control of 
forest insects than do the others. 

'I'his conclusion is supported by the fact that some of the most promis¬ 
ing bacterial diseases belong to the spore-producing group. Prominent 
among these is the milky disease of the Japanese beetle, Bacillus papilliae. 
4'he spores of this and similar organisms remain viable for several years 
in the soil, where they are in a position to infect any larva that may 
ingest them with its food. The spores produce active forms that repro¬ 
duce within the body of the host. These active forms produce resting 
spores in the blood of the host. When the host dies, its infected body 
remains in the soil. Spores from the bodies of infected larvae are in 
turn eaten by other larvae. The spores are spread locally through the 
soil by the movements of larvae from place to place, and more widely 
bv birds and mammals that have eaten the infected grubs and beetles. 
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Not only the larvae hut also the adult beetles may become irifecte{l 
These infected beetles may also spread the inoculum from place to place. 

The spores of the milky disease are now l)einjr produced commercially 
for distribution into areas infested bv the l)cetles. Larvae are inoculated 
w’ith the spores and incubated until they develop the disease. Tiie 
infected larvae are dried, ground, and their spoie content determined. 
The ground material is then diluted with talc, so that each gram contains 
a million spores. The standardized spore du.st is then distiibuted in 
spots 10 feet apart with 2 grams to the spot. Within a few .seasons after 
inoculation, the soil becomes completely infectious and hence unin¬ 
habitable for the beetle larvae (Beard, 1945). 

The symptoms of bacterial diseases are variable but are commonly 
characterized by color changes and motor disturbances. Often after 
death, the larvae remain hanging head downward from a twig or leaf. If 
undisturbed, they usually dry and shrivel but still retain their typical 
form. 

Fungi. Infections of insects by fungi are so common that they have 
come to the attention of everyone. The dead house fly on the window' 
glass surrounded by a halo-like circle of white .spores and the mummified 
bodj" of a dead aphid still attached to a leaf are both common examples 
of this sort of infection. At times, severe outbreaks of insects may sud¬ 
denly be brought to an end by a fungal epizootic. 

Although they are exceedingly numerous, fungous parasites of insects 
have never been used successfully by man as a means of controlling a 
forest insect. The reason for this is evident w'hen we consider that the 
parasitic fungi are able to check insect outbreaks onlj' under relatively 
w'arm-moist conditions, w'hereas insect outbreaks occur most frequently 
during periods of dry weather. Consequently, at the time w'hen we need 
them the most, there is little or nothing that can be done to encourage 
fungous infections of insect pests. Nevertheless, we must recognize that 
during moist periods the presence of fungous inoculum may aid materially 
in preventing the rapid multiplication of forest-insect pests. 

Many fungi that attack insects may live as saprophytes for long 
periods. Thus when conditions are favorable, the inoculum is present 
and ready to attack the living insects. One fungus of this sort, Isaria 
farinosa, was studied by Hewitt (1912). At times larch saw'fly prepupae 
within the cocoons are attacked and destroyed by this fungus. Its 
effectiveness depends upon the amount of saprophytic growth in the 
moss, and that in turn depends chiefly upon moisture. 

Viruses. Much difference of opinion exists concerning the true nature 
of viruses. Some maintain that they are very minute organisms; others 
believe that they are chemical substances: highly complex proteins that 
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chariu-trrisfu-s similar to organisms. Increasing evidence is 
accumulating to support tlie former viewpoint (Bergold, 1950). Regard¬ 
less of wiiat tliey may In*, the prospect of infecting forests with viruses to 
control insect pests liolds promising possibilities. 

Insect diseases that are caused by viruses are often responsible for 
checking outbreaks of both lepidopterous and hymenopterous defoliators. 
These \druses iisually appear after 2 or 3 years of heavy defoliation and 
destroy so many larvae that the defoliator outbreak subsides. The wilt 
disease of the gypsy moth and the virus disease of the European spruce 
siiwfiy are examples. Although very effective in controlling outbreaks, 
these viruses have not been subject to regtilation by man. Research is 
nt>w under way to determine their true nature and to find ways by which 
thev can be handled for insect control. Some viruses have now been 

isolated and produced in purified form. 

Our knowledge of virus diseases had its beginning in Europe, where the 

of the nun moth, Lymantria 7?ionoc/ia, has been intensively 
studied since its discovery in 1889. About 1907, a similar disease was 
oliserved in populations of the gypsy moth in New England. It is com¬ 
monly known as the wilt disease, suggested by the wilted appearance of 
the dead caterpillars. A similar disease of the gypsy moth has been 
observed in Europe and is assumed to be identical with the wilt disease in 
America. How the virus reached New England is not known, but accord¬ 
ing to Cllaser {1927), it was not present in 1900. Presumably it was 
introduced into America long after the gypsy moth had become firmly 
established, possibly with the wholesale introduction of parasitic insects 
in 1905. 

Like the bacterial diseases, the wilt disease is infectious; it gains 
entrance into the body of the insect through the mouth wth ingested 
food. After becoming established in the insect, it attacks and kills the 
blood cells and certain tissues, with the result that the caterpillar usually 
dies. However, if infection occurs late in the larval stage, the insect is 
often able to survive, complete its development, emerge as a moth, and 
reproduce itself without showing any symptoms of the presence of the 
disease. In such instances the infection may be passed on through the 
egg to the progeny. Because of the presence of chronic carriers, one can 
never be sure that the disease does not exist in a locality, even though 
the caterpillars appear healthy. Under high-temperature conditions, the 
chronic cases may become acute, ^^^th the result that the host will be 
killed and an epidemic started among the larvae. 

Epidemics of wilt have been especially common where the gypsy moth 
became so abundant that it stripped most of the foliage from the trees 
upon which it fed. Under such conditions, the larvae are exposed to 
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much higher temperature than normal, because tlie direct rays of the 
sun can shine through tlie crowns of the trees upon them. 1 nder these 
favorable conditions, the wilt disease becomes epizootic. 

The larv'ae, when infected witli tlie wilt disease, first become sluggish 
and then stop eating. Before they die. they have a tendency to climb 
high in the trees; after death, they remain hanging by tlieir prolegs. 
Their tissues become darkened, decomposed, and liquefied. Finally 
they become completely disintegrated and diy upon the tree. These 
dried smears, that once were insects, remain infectious for a long time, 
and it has been suggested that possibly the wilt disease may have been 
brought into America upon plants on which the diseased larvae had died. 

Another very striking case of a virus disease that has brouglit about the 
control of a forest insect is the European spruce-sawfly \’irus. Between 
1930 and 1938, the European spruce sawfly threatened to destroy much 
of the spruce in eastern Canada and parts of New England. In 1938, a 
virus disease of the sawfly appeared. Presumably it was brought into 
America accidentally with the importation of insect parasites of the 
spruce sawfly. Once established, it spread rapidly until the sawfly was 
brought under control. According to Balch and Bird (1944), the disease 
built up in areas of very high population, but after attaining momentum, 
was able to invade areas where the sawfly was not so numerous. This 
disease has so reduced the numbers of the host that the European spruce 
sawfly is no longer a threat to spruce stands. 

The first evidence of infection in the larvae is a yellowing of the central 
segments of the abdomen. This change progresses until the entire larva 
becomes a yellowish green and later, after death, dark brown or even 
black. The fluid exuded from the mouth of the larva, when disturbed, is 
milky instead of the normal clear yellowish-green appearance. The 
larvae cease to feed, shrivel somewhat, and die. The dead larvae are 
sometimes glued by sticky excrement to the twig on which they have 
been feeding, but more often they drop from the tree when dead. In 
this respect the effect of the sawfly virus differs from that of the wilt 
disease, where the larvae usually hang from twigs of the tree by their 
prolegs after death. 

Time alone will disclose whether or not the virus disease of the Euro¬ 
pean spruce sawfly will continue to hold the insect at a low population 
level. It seems probable, however, that outbreaks of this insect will 
occur from time to time in the future, but with the disease established, 
they may be of short duration. 

Insects. Of all the parasites that attack insects, the parasitic insects 
have received most attention from entomologists. They do not consti¬ 
tute a phylogenetic unit but are to be found in various orders and in 
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^^■uUAy <livor-ront f;iinilic-s witliiii those orders. The great majority of the 
nio^t \ :ihKd.le species, however, belong to eitlier the Hymenoptera or the 
Diptera. 'I'he adult parasites vary greatly in appearance, as one would 
expect, but the larval stages are surprisingly similar. They arc practi¬ 
cally all legle.ss maggot-like gruV^s. The mouth parts are usually mueli 
reduced or even vestigial, except in the early stages. In short, they aie 
specialized for a mode of life that is provided with an abundance of easily 
obtainable food and illustrate the comlition that is called specialization 

hv re<luclion of parts. 

'I'he adults, on the other hand, are specialized to ensure successful 
infestation of the ho.st. This is accomplished in different ways by para- 
.sites l)elonging to various groups. The Sarcophagidae and some of the 
'I'achinidae are larviparous. This adaptation, by eliminating the help- 
less egg stage, increases the probability of successful entrance of the para¬ 
site inro the host. Many Tachinidae that are not larviparous stick their 
eggs firmly to the body of the host, whereas others attach them to the 
substratum on which the host is found. Most of the Ichneumonoidea 
are ])rovided with an elongate ovipositor which they thrust into either 
the host or its cocoon, and there deposit their eggs. Others of this same 
group are said to place their eggs in the galleries of wood borers, and the 
larvae when they hatch creep along the gallery until they find the host. 
Meuarhijssa {'fhalcssa) lutialor, which is one of the largest of the Ichneu- 
monidae and a parasite upon the pigeon tremex, Tremex coltimba, is said 
to liave this habit. Hut in view of the fact that the borers of the family 
Siriciduo, of which the pigeon tremex is a member, pack their burrows 


full of frass as tlicy progress, the eggs of the parasite must be placed very 
near the host, if not actually on its body. The large ichneumonids are 
remarkable for the fact that they are able to drill through solid wood, in 
order to place their eggs in a favorable position in or near their host. 
The C'haleidoidea are smaller than most of the ichneumonids and usually 
depo.sit their eggs within the body of their host, although some species of 
this group, as well as some of the other Hymenoptera, are able to feed 
externally. In the case of e.xternal feeders, the host usually dies soon 
after it is attacked, or, in some instances, it is killed by the adult parasite 
at the time of oviposition. The Proctotrupoidea are mostly small 
hymenopterous parasites. Many of these tiny insects parasitize eggs, 
wlu'ieas others are larval parasites. As a rule, if they are larval parasites, 
they attack only small insects. 

Parasitic insects are sometimes limited to a single host. These are 
called specific or obligate parasites. Others are able to attack a number 
of closely related species, whereas still others are general parasites, 
because they are able to attack and parasitize a great many different 
species. 
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Insects that are parasitic upon other insects are often regarded as l)eing 
always beneficial to man’s interests, inasrnucli as they reduce (he num])er 
of injurious species. Such a generalization is not entirel\' safe. ho\\i*\ er. 
for there are parasites that attack other parasites, predaceous insects, or 
insects useful to man. Tims, some insect parasites may be injurious. 
Those species that parasitize other parasites are called secondary or 
hyperparasites. Ilyperparasitism is known to occur to the fourth or 
possibly the fifth degree. Hyperparasitism, of cour.se, reduces the etfec- 
tiveness of parasitic control and adds to the complexity of the role 
played by parasites in environmental resistance. 

EFFECTIVENESS OF PARASITIC INSECTS 


The effectiveness of a primary parasite in controlling an insect pest 
depend.s, to a considerable extent, upon certain characteristics of the 
parasite. The relative importance of the.se characteristics varies in indi¬ 
vidual cases; moreover workers disagree among themselves in evaluating 
the various characteristics. Hut that certain characteristics are desirable 
is commonly accepted. Some of the more important of these are (1) to 
reproduce rapidly, (2) to be s.vnchronized with its host, (3) to be able to 
attack more than one ho.st species, (4) to be able to find and parasitize a 
large proportion of the host individuals, (5) to compete successfully with 
other parasites. Seldom, if ever, are all the.se (lualities po.ssessed in an 
ecpially high degree by any one parasite. We should always attempt, 
how'ever, to favor those parasites tliat mo.st nearly approach this ideal. 

High Reproductive Potential. The possession of a high reproductive 
potential permits a parasite to reproduce at a rapid rate at times wdien 
environmental resistance has been reduced. This situation occurs when 
the biotic balance has been temporarily disturbed and, as a result, the 
host has increased tremendously. Concomitantly with increased ab»ni- 
dance of its host, the parasite’s environmental resistance is lowered so 
that its reproductive rate may approach its potential. If its reproductive 
potential is high enough, the parasite can reproduce more rapidly than 
its host and bring the outbreak to an end. If, however, its reproductive 
potential is low, it may not be able to overtake the host until serious 
damage has been done to the forest.^ 

‘ Some authorities feel that the importance of a high reprodvictive potential has 
been exaggerated and point out that the possession of this cjuality is prirna-facie 
evidence that nature has neglected the species in some other way. This may be 
true under conditions close to the equilibrium point when oscillations of moderate 
amplitude prevail, since the force of environmental resistance must then equal repro- 
ductiv'c potential. Under such conditions, neither the host nor the parasite popula¬ 
tion is changing; and regardless of its reproductive potential, the parasite w'ould 
exert an even pressure on its host. Under outbreak conditions, however, reproduc¬ 
tive potential becomes important, often deciding whether or not the parasite can 
overtake its host. 
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An example of the occurrence of serious damage before parasites could 
overtake the host was reported by Tothill (1923). He states that in 
New Brunswick during an outbreak of the spruce budworm the rise in 
numbers of the insect occurred when fir, the favored food, was abundant 
in sizes suitable for egg laying. The decline came when the amount of 
suitable fir diminished. Xot until the year following the peak of bud- 
worm population did the parasites reach the maximum, and then only 
25 per cent of the budworm larvae was killed by them. In contrast, he 
cites another case, from British C'olumbia, in which parasites were 
largely responsible for checking an outbreak of the same insect before 
.s(‘rlous damage to tlie trees resulted. In that instance 01 per cent of the 
budworms were destroyed by parasites and 39 per cent by predators. A 
single parasite .species of the genus Phytodietus, not present in New 
Brunswick, was responsible for killing 24 per cent of the host. Thus in 
one instance the parasites were incapable of multiplying at a sufficient 
rate to exercise much control, in spite of ideal food conditions, whereas 
in the other instance the rate of increase was sufficient to bring about 
the necessarv control. 

Synchronization with Host. The accurate synchronization of its life 
history with that of its host is essential if a parasite is to exercise effective 
control. As a rule, a parasite can attack only one stage of its host; in 
order to exercise control, therefore, it must be ready to oviposit at a time 
when the proper stage is available. A specific parasite should have either 
the same length of life cycle as its host or a series of brief generations dur¬ 
ing the period of ho.st availability. It might, otherwise, be ready to ovi¬ 
posit at a time when the host was not in a suitable stage. This synchroni¬ 
zation between parasite and host may be accomplished either by a 
well-established seasonal periodicity or by the simultaneous and equal 
response of both host and parasite to environmental factors. 

Polyphagous Habit. A polyphagous parasite that is synchronized 
with a certain pest may, in the long run, be more effective in controlling 
that pest than would be a specific parasite equally well synchronized. 
The ability to feed on more than one host is especially useful during the 
period immediately following the decline of an outbreak, when the host 
numbers are extremely low’. At such a time, the polyphagous parasite 
would not suffer so greatly from food shortage as wmuld the one that is 
restricted to a single host. It w'ould be able to shift its attention to other 
hosts and thereby maintain its numbers at a higher level than could the 
specific parasite. It w'ould, therefore, be in an advantageous position to 
retard the subsequent multiplication of the original host. The work of 
Tothill (1922) concerning the natural control of the fall webworm, 
Hyphantria cunea, illustrates this point. In two instances specific para- 
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sites of the worm were extirpated locally, following the sudden decline in 
the population of their host, wliereas other species, although much reduced 
in number, recovered slowly when the population of the webworm again 
increased. 

This voluntary alternation of hosts, described above, is a distinct 
advantage, whereas obligate alternation limits the effectiveness of a para¬ 
site. If one generation of a parasite feeds upon one host and the next 
generation requires a different host, the abundance of such a parasite is 
limited by the abundance of the least abundant host. To rcciuire 
alternate hosts is, therefore, a disadvantage, but to be able to use various 
hosts is a desirable characteristic. 

Ability to Find and Parasitize Hosts. Undoubtedly, the most impor¬ 
tant single characteristic that determines the effectiveness of a parasite 
is its ability to find and parasitize its host, especially at low host density. 
Relatively little difficulty in this respect is presented by insects that live 
on the exposed surfaces of plants. Such insects are usually unprotected 
from the attack of any parasites that may be present. There are differ¬ 
ences in the ability of parasites to move swiftly from place to place and 
differences in their ability to find scattered hosts. These differences have 
a marked effect upon their power to bring about equilibrium at a low host 
density. 

Insects that bore into the tissues of trees present a much more difficult 
problem to their parasites, but many parasitic Hymenoptera are well 
fitted to parasitize these hidden larvae. Some of them have long oviposi¬ 
tors, which they are able to insert through solid wood, depositing their 
eggs in or on the larvae working therein. The larger species can reach a 
larva 1 inch or even more beneath the surface. The smaller parasites of 
this group cannot penetrate so deeply, because their ovipositors are not 
so long. For this reason, they must confine their attention to borers 
that are near the surface. 

In studies of the Nantucket pine moth, it was found that the per¬ 
centage of parasitism is higher among the larvae mining in the tips of 
jack pine than among those mining in ponderosa pine, in spite of a lower 
incidence of infestation in jack pine (Graham and Baumhofer, 1927). 
Apparently this difference is due to the comparative diameters of jack- 
pine and ponderbsa-pine tips, the jack-pine tips being more slender than 
those of ponderosa. Naturally a larger proportion of the pine-moth 
larvae working in these slender tips would be reached by the small para¬ 
sites than would be possible in the thicker tips of ponderosa pine. The 
introduction of a parasite, Campoplex fruslranae, with a longer ovipositor 
than any parasites originally present, resulted in an astonishing increase 
in parasitic control. 
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Ability to Compete. The ability to compete in case of double para¬ 
sitism ill a single liost is a valuable quality for a parasite to possess. 
Wlicn two parasites of ditTerent species are brought together in tlie same 
liost. the stronger will survive; the otlier will usually be destroyed. The 
survivor inav or mav not be the more elTective in controlling the pest. It 


would, tlierefore, be advisable to know as much as possible about the 
liabits of the various species that may be competitors. Without this 


information, undesirable introductions may be made. 

The practical>le difficulty of determining, prior to its introduction, the 
probable success or failure of a parasite in a new environment, has led to 



Kio. 24, One of the Inrge^t of tljo ichneumon flics, M€(/arhys$a lunaior. This is a parasite 
of one of tlic horntails, the pigeon tremex, ami is able to ina^ert its slender ovipositor deep 
into the wood where the larvae of the host work. (Bur€aii of ErUomology and Plant 
Qunraniiue.) 


tlie conclusion by many that the only feasible procedure is to introduce 
first and evaluate later. Others warn that such a procedure is dangerous. 
In view of this disagreement among authorities, it seems appropriate to 
limit the discussion of competition here to a description of how parasites 
may compete with one another. 

The number of individual parasites that may reach full development 
in a single host depends primarily upon the size of the parasite in relation 
to the size of the host. In some instances many small parasites may 
develop successfully in the body of a large host, whereas in most instances 
only a single parasite can complete its development in a single host. 
Sometimes there is a difference in the nutritional requirements of the 
males and females of the same species. Thus, in one host the amount 
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of food may be sufficient for the male l)ut not for the female, witli a 
resultant differential mortality of the sexes. 


C'ompetition may occur between individuals of tlie same species or 
between species. In this discussion we are especially concerned with 
interspecific competition. The classical work of remberton and Willard 
in Hawaii indicates one way in which two parasite species may compete. 


In 1913, two opiine larval parasites were introduced and both became 
established. One, Opius hiimilis, appeared to be more important during 


the years following introduction, whereas in later years the other species, 



I'lG. 25. A small waap-like parasite. Opiua ficlcheri. {Bureau of Ejitomology and PlarU 
ijutira tUitte.) 


opius {Diachasma) tryoni, became abundant. Opius humilis has been 
gradually reduced in numbers (Willard and Mason, 1937), until it has 
become relatively insignificant. 

By experiment and observation, it was demonstrated that double para¬ 
sitism by the two species occurred frequently and, when it did, that Opius 
tryoni almost always survived. This was because of its greater activity 
and the aggressive use of its sharp larval mandibles (Pemberton and 
Willard, 1918). Whether or not this competition explains the gradual 
reduction of Opius humilis has long been the subject of controversy. 
It is doubtful if the available evidence is adequate to answer this question 
either one way or the other. For the present purpose, however, it serves 
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to illustrate the a^Kressive type of competition that sometimes occurs 
between parasites. 

.\nother kind of competition between parasites is for food. In this 
case when several parasites live in the body of the same host, the oldest 
usually is the sole survivor. A period of nondestructive feeding by the 
parasites is followed by a final stage in which the oldest larva consumes 
not only the host tissues but also any younger parasites that may be 
present (Tothill, 1922). 

Some parasites have the ability to recognize and avoid the sluggish 
larvae that have previously been parasitized. Double parasitism is also 
avoided by the arrangement of the different species in more or less of a 
seriuence, so that some parasites will attack the young larvae and others 

the older ones. 

The foregoing discu-ssion has shown the value of the various desirable 
characteristics of a parasite. The possession of these characteristics may 
not always be equally valuable in control. For example, a certain gen¬ 
eral parasite, possessing all the desirable characteristics, might select a 
small host species, consequently producing only male offspring. If the 
same parasite were to choose a larger host species, it would produce both 
sexes, and its effectiveness as a controlling agent would consequently be 
far greater. Thus we see that the interrelation of parasite and host can 
be just as important in control work as the mere possession of desirable 
characteristics. The interrelation of parasites with one another and 
with their hosts is decidedly complex. Generalizations in this connection 
are dangerous, and much work in this field still needs to be done. 

Ability to Spread. After a parasite has been released, its success in 
the environment depends to some extent upon its ability to spread out 
from the point of release. Sometimes the rate at which a parasite will 
spread from the point of liberation is nothing short of phenomenal. 
This astonishing rate of spread is in part the result of especially favorable 
conditions immediately surrounding the point of release. A place where 
the host is numerous is naturally selected for the introduction and, as a 
result, nutritional conditions are usually ideal. If physical conditions 
are also favorable, the parasites should reproduce for a time at a rate close 
to their reproductive potential. 

The introduction of Campoplex frustranae into the pine plantations in 
the Nebraska National Forest is a case in point. This insect was liber¬ 
ated at one point in 1925. In the following year, the number of laiw'ae 
parasitized by this species near the point of release was almost 17 per 
cent. In 1927, it had increased to 83.5 per cent, and the parasite was 
collected at a distance of mile from the release point. One year later, 
the percentage of larvae parasitized at the point of liberation w’as 91.8. 
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and the parasite was recovered 2}^^ miles distant. In the following year, 
campoplex had spread throughout the plantations, parasitizing a very 
high proportion of the host. These data suggest that the rate of spread 
of a parasite from the point of release may increase geometrically during 
the first few years after liberation. 

Under favorable conditions, a parasite may continue to spread at a 
rapid rate as long as fresh areas are available. For instance, a parasite 
of the European larch casebearer, Coleophora laricella, was liberated in 
1937 at two points near Ann Arbor, Mich. This tiny braconid, Agathis 
pumilis, became established and spread from these points. A surs'ey in 
1051 disclosed the presence of this parasite 300 miles from the point of 
release. From these records, it appears that this tiny insect has spread 
at an average rate of 21.4 miles per year between 1937 and 1951 (Webb, 
unpublished). 



CHAPTER XII 

PARASITES AND PREDATORS {Continued) 


'I'he introduction of insects for the control of forest pests has been 
concerned chioHv with parasites. Apparently many workers have felt 
that parasites are usually the more promising agencies of control than 
:ire the predators. Xevertheless. a number of predaceous insects have 
iK'cn introduced successfully and have proved to be worth-while additions 
to our fauna. Native predators are often cfTective control agencies. 
Examples of parasitic and predatory insects and predatory vertebrates 
are di.scussed in this chapter. 

EXAMPLES OF PARASITIC INSECTS 

d'he order Ilymenoptera contains more examples of insects that are 
parasitic than any other, most of the species in three large superfamdies 
being parasitic: the Ichneumonoidae, the Chalcidoidae. and the Procto- 
trupoidae. The first two contain the species that are most familiar; the 
ichneumon flies and the braconids in the first, and the chalcid flies in the 
second. Next to tlie Ilymenoptera in number of parasitic species is the 
order Diptera, including the important para-sitic families Tachinidae and 

Sarcophagidae. 

Ichneumonoids. Among the ichneumonoid parasites are thousands of 
species, and hundreds that attack forest insects. They are ail armed with 
.slender ovipositors with which they are able to insert their eggs into their 
host. Some are large wasp-like insects, whereas others are so minute that 
they can scarcely be distinguished with the naked eye. The habits and 
the life history of each species vary in detail, but nevertheless, there is 
considerable similarity among them. 

One of the parasites introduced to control the gypsy moth, a braconid, 
Apnntates melanoscelus, will serve well for illustrative purposes. This 
parasite has proved to be one of the best thus far introduced in connection 
with the gypsy-moth work. It is a small black insect, about 3 milli¬ 
meters long. Its reproductive potential is tremendous, a single female 
being capable of laying 1,000 eggs. It is perfectly synchronized with the 
seasonal history of the gypsy moth and, in addition, is able to parasitize 
a number of other hairy caterpillars, such as the satin moth, StilpnoHa 
salicisy the tent caterpillars, and several tussock moths. 
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Unfortunately, this parasite sulTcrs from the attack of h 3 '^per- 

parasites and ants, espeeiallj’ wliilc in the overwintering stage. As a 
result, according to C'rossman (1922) the parasite is so reduced during 
the winter that its first generation in the spring is able to parasitize only 
a relatively small proportion of the host, whereas the second may para¬ 
sitize a very high proportion. 

The life history of Apiintalcs mclanoscclus is similar in most respects to 
other ichneunionoids (Crossman, 1022). Perhaps the most unusual lea- 
ture is the fact that two generations of the parasite occur during a single 
generation of the host. Adults emerge from the overwintering cocoons 
about the time that the gypsy-moth eggs hatch, and oviposition for the 
first generation begins almost at once. The parasite larvae feed upon 
the lymph and fat cells of the ho.st until they emerge after the third in.star. 
The pale-yellowish cocoons are spun near the parasitized larva, and from 
them, after about 1 week in the pupal stage, the adults emerge to start the 
second generation. The entire first generation of this parasite is very 
brief, retiuiring only a little more than 2 weeks from egg to adult. The 
second generation difYers from the first only in the length of time reciuired 
for its completion, almost twice as long being rc(piired for the larval 
period. On emergence from the host, the parasites spin cocoons as did 
those of the first generation; but instead of emerging from them promptly, 
the larvae remain in them over the winter, pupating and starting another 
generation the following spring. 

Chalcidoids. The chalcidoids comprise a group that contains more 
species than the ichneumonoids. A very large proportion of them are 
parasitic on other insects. Some of them, the ectoparasites, feed exter¬ 
nally upon the host, whereas others, the endoparasites, live within 
the host. They are all small insects, some of them very minute. As a 
result of their small size, they are unable to reach and parasitize most 
borers, although some of them do parasitize certain twig-inhabiting 
insects. Some of the chalcidoids attack their ho.st while it is within 
the cocoon. One of these is a common parasite of the larch sawfly. This 
parasite, Coelopisthia nemaiicida, was studied carefully by Hewitt, who 
considered it to be one of the most effective of the larch-sawfly parasites. 
It is distributed throughout the eastern part of the United States and 
Canada wherever the larch sawfly occurs, and in all probability it is to be 
found throughout the range of the sawfly in America. 

The winter is passed in the larval stage within the cocoon of the sawfly. 
The adults emerge in May or early June while many of the sawflies are 
still in the prepupal stage. These adults are small black insects about 2 
millimeters in length. They immediately seek out cocoons containing 
healthy prepupae and deposit their eggs. It is not at all uncommon to 
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lind from 50 to 75 of those parasites feeding within a single sawfly 
cocoon. 

'I'he parasitized prepupa appears to be stupefied or dead even before 
the parasite eggs have hatcfied. Later on, after the larval parasites ha\e 
begun to feed on the blood and tissues, the host is obviously dead. Evi¬ 
dently the host is killed by the adult parasite or dies shortly after the eggs 

are deposited. • r u- 

Only about 3 weeks are required for completion of a generation of this 

parasite. Repeated generations arc produced during the season, the 
number depending upon temperature conditions. On first thought it 
would appear that an insect of this sort with a series of short generations 
would be limited in its effectiveness as a parasite by the unavailability of 
suitable host material at certain seasons. Although this is true to a cer¬ 
tain degree, it is not such an important limiting factor as might he 
expected because sawfly prepupae are available at practically any time 
during the growing .season. The period of greatest scarcity is during 
June, but even at that time, whenever outbreak conditions prevail, many 
prepupae in diapause are present and easily found. Thus the parasites 
can obtain suitable host material at almo.st any season. 

Tachinids. Among the parasitic Diptera the various species of the 
family Tacliinidae are the most valuable destroyera of forest pests. The 
habits of the tachinid parasites vary considerably. Some of them are 
oviparous whereas others are larviparous. I he oviparous species usually 
glue their eggs tightly to the body of the host to prevent them from being 
rubbed off before they batch. The larvae in the larviparous species are 
eitlier deposited on the body of the host or inserted into the body of the 
host by means of the larvipositor. 

One of the imported tachinid parasites of the gypsy moth is Compsilura 
concinnata. It attacks not only the gypsy moth but also the brown-tail 
moth, the fall webworm, the white-marked tussock moth, the forest tent 
caterpillar, and many other native insects. This parasite has been 
reared from more than 140 different host species (Craighead, 1950), and 
has played an important part in reducing the population of the gypsy 
moth even when that insect has been relatively scarce. At such times as 
many as 50 per cent of the larvae have been parasitized. Compsilura 
has also exercised excellent control of the more recently introduced Euro¬ 
pean pest, the satin moth. 

Compsilura is a rather large robust fly about 7 millimeters in length. 
Its coloring is a combination of black and white which gives the insect a 
gray appearance, somewhat resembling a house fly. It is one of those 
larviparous tachinids that place their larvae within the body of the host. 
In parasitizing the host, the adult female darts quickly at a nearby cater- 
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pillar, pierces the body wall with her strongly chitinized piercing organ, 
inserts her larvipositor, and depo.sits a larva before the insect can escape. 
The larvae, according to Culver (1919), are usually inserted into the body 
cavity; later they attach themselves by means of anal hooks, to some 
part of the tracheal system, often near a spiracle. Thereafter, oxygen is 
obtained from the tracheal system of the host through the anal spiracles, 
which are pushed tightly backward against the place of attachment. 
Thus, the caudal end of the body is attached while the cephalic end lies 
free within the body cavity of the host. 

At the end of the third instar, the larvae, then being full grown, leave 
the host for pupation. The pupal stage may be passed in bark crevices, 



Fig. 26. The adult of Compsilura concinnata, un important tacinnid parasite of the gypsy 
moth. (Bureau of Entomology and Plant Quarantine.) 

in the webs of some host such as the tent caterpillar or brown-tail moth, 
or in the surface layers of the soil. As is the case with most of the other 
Diptera, compsilura pupae are enclosed in puparia and not in cocoons. 
A puparium is the dry, brown, larval skin of the last instar larva. 

Compsilura concinnata is activ'e from the beginning of May to the last 
of October. During this period, they pass through three somewhat over¬ 
lapping generations. The first adults that emerge in the spring must, as 
a rule, depend for host material upon caterpillars of species that 
overwinter in the larval stage. One such species is the brown-tail moth. 
A little later, in May and June, caterpillars that have hatched from over¬ 
wintering eggs become available. Among these are the gypsy moths and 
the tent caterpillars. These insects serve as hosts for the overwintering 
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fvonoration of the parasite. The second-generation adults appear in late 
June and July. They then find a great variety of hosts available. The 
tliird-geiieration adults of C'urnpsilura emerge in August and September, 
wlien comparatively few host species are available. Doubtless, this con- 


tlition limits tlie numbers of the parasite. 

I'rom the foregoing iliscussion of parasitic insects we see that their use 
for control is not simple. The number of species alone is confusing. 
Obviously we have two alternatives: either we can select relatively few 
species for control purposes, or wo can adopt the more general approach 
that will use as many species as po.ssible. There has been considerable 
(litTerence of opinion among tlie various workers concerning the relative 
merits of the two alternatives, when parasitic insects are to be intro¬ 
duced. One group of workers favors the introduction of all possible 
primary parasites; the other favors the selection ol only the most promis¬ 
ing species. The first group feels that the lack of one good quality in a 
parasite will be offset i»y the poH.session of others in higher degree. The 
second group feels that a weakness in competitive ability might result in 


the failure of an otherwise ideal parasite and the success of another less 
desirable species wiih high competitive qualities, when the two are intro¬ 
duced togetlier. 

In the introdiu'tions for gyp.sy-moth control, an effort was made to 
obtain and release as many primary para.sites as possiVde. As a result, 
dozens of .species were liberated that failed to become e.stablished. Pre¬ 
sumably they were not adapted to the conditions encountered in the new 
environment. Tlie majority of those that did become established have 
prf)ved to be complementary, one being ready to attack the moth at one 
tim(‘ or in a certain stage, whereas another is ready to exert pressure 
under some other <‘ircumstances. Certainly the introduction of gypsy- 
moth parasites has contributed much to the biotic control of this pest, 
although it can be argued that more .selective introductions might have 
produced even better results 


PREDATORY INSECTS 

The predatory insects are found in a number of different families in 
several orflers. Some of the most effective as control agencies of forest 
insects are the lacewing flies, the ladybird beetles, the checkered beetles 
or clerids, the ground beetles or carabids, and several families of sucking 
in.sccts belonging to the order Hemiptera. In addition to the insects there 
are a number of other arthropods that prey upon insects. Becaiise they 
are commonly confused with insects and because too little is known 
specifically about their effectiveness in the control of forest insects to 
justify separate treatment, they will be included in this section. 
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Spiders and Mites. Of the noninsecl arthropodous orders, spiders and 
mites are among the most important predators in the torest. (leneral 
observation indicates that they are of tremendous importance i)ut. untor- 
tunatel}^ they have never been adequately st\idied as to their ellective- 
ness in control. Spiders wliich spin webs not only capture certain innocu¬ 
ous hying insects but also catch small larvae ot various kinds, especially 
those that drop from trees on threads of silk. 

Other families of spiders that do not depend upon web traps to capture 
their prey may be even more effective in checking tlie increase ot tree 
insects than are the web spinners. These hunting spiders can move al)ovit 
activ'ely in search of food and, tlieretore. are in a bettei' position to con¬ 
centrate upon spots where l>igh concentrations ot in.sect pests prevail. 
The exact part tliat si>iders play in regulating forest-insect populations 
cannot be known until further -study of their actions has been made. 

Similarly, very little information can be ftmnd in literature concerning 
the effects of predaceous mites upon forest insects. Xevertlieless, general 
ob-servation indicates clearly that these organisms are among the most 
active predators of scale insects. Tothill (19191 studied the activities of 
one of these predators, Ilemi.sarcoptes ynalns. This tiny arthropod exer- 
ci.ses an important controlling inffuence by eating the eggs of the oyster- 
shell scale, Lepidosaphes uhni. Doubtless many other predaceous mites 
are equally important but, unfortunately, we know comparatively little 

about them. 

Lacewing Flies. Members of the family Chry.sopidae, of the order 
Neuroptcra, commonly called lacewing Hies, arc predaceous upon other 
small insects in both the larval and the adult stages. They are especially 
fond of aphids, but they also eat scale insects, small caterpillars, and 
various other prey. These predators are especially valuable late in the 
season at which time aphid outbreaks freciuently occur. Unfortunately 
there is apparently considerable mortality of lacewing flies during the 
winter. As a result, they are not usually abundant in early summer and, 
therefore, cannot exercise much control at that time of year. The rapid 
increase in number of the lacewings as the season advances is made po.ssi- 
ble by their short life cycle, some species passing through three or four 


generations during a season. 

The adult lacewing fly is a slender fragile-appearing insect, about 
inch in length, with delicate, many-veined, membranous wings. The 
wings, when at rest, are folded against the body and meet over the 
in-sect’s back in a form resembling a tent. The adults present anything 
but the appearance of predators. The larvae, on the other hand, look 
quite ferocious. They are elongate, somewhat flattened, and have a pair 
of long, curved mandibles projecting forward from the mouth. These 
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mamiibU's are liollow, and it is through them that the insect sucks the 
blood of its prey. 

riie hai>it.s of tlic lacewing flies present a number of interesting features, 
the lirst of wliieh lias to do with oviposition. \^ hen a female lacewing is 
ready to lay an egg. she touches her abdomen to the surface of the leaf or 
other object on which she is resting, whereupon a drop of viscous fluid 
exudes from the end of her abdomen. Then she pulls the drop of liciuid 
out into a slender thread by rai.sing her abdomen. This thread quickly 
harilens in an erect position and on the top of it an egg is deposited. In 
this way. the eggs are held almost inch above the surface to which 
they arc attached. This method of placing the eggs on a stalk raises 
them out of reach of the lacewing larvae, which arc cannibalistic, and 
other predaceous insects. 

When the larvae hatch from the eggs, they immediately start out in 
search of food. Almost any insect that is small enough to be held is 
attacked, impaled upon the mandibles, and drained of its blood. When 
food is abundant and temperature conditions are favorable, the larvae 
grow rapidly, molt twice, and then spin about themselves a light silken 
cocoon. The cocoons may be located in a bark crevice, on the lower side 
of a leaf, or in some other more or less secluded location. During the 
Slimmer months, the pupal stage is completed in several weeks, but when 
pupation occurs in the autumn, the pupal stage continues over winter. 
When we learn how to protect these overwintering pupae, we shall be 
able to increase the effectiveness of lacewing flies as control agencies. 

Ladybird Beetles. The ladybird beetles are members of the family 
Coccincllidae and are for the most part predaceous. Like the lacewing 
flies, they eat small insects in both the adult and the larval stages. 
Aphids or scale insects are their usual prey, but they will feed upon small 
caterpillars, mites, or almost any small organism that they may find. 
In Michigan, the author has observed instances when a comparatively 
large coccinellid, the 15-spotted ladybird beetle, .Anatfs ocellata, was 
partly responsible for checking an outbreak of the spruce budworm on 
jack pine. 

The life cycle of the ladybird beetles, as might be expected, varies 
somewhat with the species. Many of them have two or more genera¬ 
tions even in northern latitudes, while in the South a still greater number 
may be completed. • The insects pass the winter in the adult stage, hidden 
away in some protected location. Many of them may creep into build¬ 
ings for the purpose of hibernating. When spring arrives, the beetles 
leave their winter quarters and seek suitable places for oviposition. The 
eggs are laid in a variety of ways, depending upon the species. One of 
the California ladybirds, Rhizohixis ventralis, deposits its eggs beneath the 
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scale of the black-scale insects. The larvae that hatch from these eggs 
feed upon the eggs of the scale (Quayle, 1911). 

Some of our common native species deposit their eggs in groups on tlie 
surface of the foliage upon which their prey feeds. The egg.s are usually 
yellow and resemble somewhat those of chrysomelids, or leaf beetles. 
The larvae are campodeiform and active. Immediately after hatching, 
they begin to search for food. These larvae are strangc-looking creatures. 
Many of them are mottled with contrasting colors and are covered with 
branched spines. Their mandibles are long and sharp so that they are 
well equipped to capture small insects. 

After the larvae complete their growth, they tran.sform. usually on the 
tree, to the pupal stage. The.se pupae are naked and are often found in 
conspicuous places. The beetles that emerge from the cocoons during 
the summer lay eggs immediately for another generation, whereas those 
that emerge in the autumn seek out a suitable place for hibernation and 
there spend the winter. 

Checkered Beetles. The checkered beetles belong to the family 
Cleridae and are all predaceous, most of them upon bark beetles and 
other insects that bore into the bark and tips of trees. One of the 
most common species in the Tnited States is the American bark-beetle 
destroyer, Thanasijniis dubius. This .species feeds almost exclusively 
upon bark beetles. It is a large clerid, measuring nearly 3^ inch in 
length. It is very brightly colored with the bright-red background 
marked with black and silver transverse bands. This type of marking 
is characteristic of all checkered beetles. These insects are predaceous 
in both the larval and the adult stages. The adults feed most olten 
upon adult bark beetles, while the larvae usually eat the immature stages 
beneath the bark. 

The eggs are deposited in the tunnels of bark beetles. The larvae, 
more or less gi*ub-like in form, with poorly developed legs but with 
powerful mandibles, are usually pinkish in color. When numerous, they 
materially reduce the number of bark beetles. After completing their 
development, the larvae cut their way into the outer bark. There they 
hollow out for themselves cells in which they pass the pupal stage. 
According to Hopkins (1899), this insect may pass the winter in any 
stage of development. In the spring they complete their development, 
if they passed the winter in an immature stage; by the time of the spring 
flight of the bark beetles, they have all transformed to adults and are 
ready to attack their prey. 

There are many other species of clerids that attack bark beetles in 
various localities. One of the commonest and probably the most impor¬ 
tant western species is Enoclerus sphegits. It feeds actively on various 
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h:irk Itccdrs atul \\:\-< attrartod special attention by its attacks on den- 
<lrc)ct(.nns l)eetl<'s. Its habits are very similar to those described for 

'J'hniui.-nniiis 

All tlu' ch‘ri<ls exert a decided infUumce upon bark-beetle populations, 
and eviM-ytliiiiy; possible should be done to encourago them. Since the 
ch'ii.is are more resistant to hi"h temperature than most bark beetles. 



Fig. 27. Inner side of n ineeo oi pi.iioci.oa pine bark showing the winding galleries of the 
western pine beetle and the t)rond frusa-filled gnllcrieii of a ccranibycid borer. The irregu¬ 
larly siuiped black .spot in the center of the picture is a hole cut from outside a clerid's pupal 
Cell by a \vood|)eekL*r in search of food. {Bure-^u of Entomology and Plant Quarantine.) 


sun-curing logs to control beetle broods often kills the bark beetles with¬ 
out causing serious injury to the clerids. As a result, the proportion of 
the predators in relation to the number of remaining bark beetles is 
increased. 

Calosoma Beetles. The ground beetles, or carabids, belonging to the 
genus Calosoma, are among the important predators of lepidopterous 
larvae. They are the largest and the most con.spicuous of all the ground 
beetles. Their habits have been studied in great detail by CoUins 



PARASITES AM) PREDATORS 


171 


(liurgess and Collins. 1917) in connection with investigations of the 
gypsy moth and its enemies in New England. The life cycles and 
liabits of all the beetles of this genus are very similar. Tiie eggs are 
deposited in the ground at a depth of from 4 to b inches. I pon hatching, 
the larvae make their way to the surface of the ground, where they run 
about actively in search of food. At the entl ot the third instar, liaving 
completed their growth, tliey again pen(*trate into the soil, where they 
form for themselves earthern cells in which to pupate. Some species, soon 
after transformation to tlie adult, emerge from their pupal cells to feed 
on the ground, wliereas others remain in the ground until spring. A few 
of these adult beetles even climb into the treetops, in contradiction to 
their common name. 

One of these is the fiery hunter. Calosoma calulum, which not only 
climbs trees while in the adult stage but also as larvae, a very unusual 
habit for a ground beetle. In the adult stage, the beetles ot this genus 
are all unusually long-lived. Collins reports tluxt in the field, unle.ss they 
meet with some accident, the beetles will live for 2 or 3 years. One fiery 
hunter in captivity lived for 4 years. The length of life appears to be 
related to the rate of reixroduction of the individual beetle. Those indi¬ 
viduals that lay eggs most freely in early life live for a shorter time than 
those that reproduce more slowly. 

Predaceous Bugs. The Hemiptera. or true bugs, are mostly phy¬ 
tophagous, sucking sap from plants. Several families, however, are 
almost all predaceous. All the members of the Reduviidae, the assassin 
bugs, are predaceous. One of the well-known members of this family is 
the wheel bug, Arilus cristntus. This insect is common throughout the 
eastern and central United States south ol the latitude of New York City. 
The wheel bugs lay their eggs on plants or other objects in groups of 
50 or even more. The j'^oung nymphs, red in color witlx long legs and 
four-jointed antennae, run about over plants in search ol imscct food. 
At first they can attack only .small imsects, such as aphids, but the size of 
their prey increases with their growth. By the time they have reached 
their full growth of % inch, no insect seems too large for them. 

Another family of the Hemiptera containing many species predaceous 
upon forest insects is the Pentatomidxxe. They xxre called stink bugs, 
because of their disagreeable odor, and soldier bugs, because of their pre¬ 
daceous habits. Some members of this family are entirely phytopha¬ 
gous, but many feed upon the blood of other insects during at least a part 
of their lives. 


One of the soldier bugs, Podisus placidus, is a very effective predator 
upon tree-inhabiting insects, especially caterpillars. When fully grown, 
it is nearly ^ inch in length and yellow mottled with brown in color. 
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Its life iiistory is very similar to that of many other soldier bvigs and, 

therefore, will serve to illustrate the group. 

The winter is passed in the adult stage, usually buried in litter on the 
ground. On emergence from hibernation, the adults feed for a short 
time and then lay their yellow eggs in groups, often on the underside of a 
leaf. The voung nymphs are either red or black in color and for a time 
feed on the' sap of plants. .-Uter about 2 weeks, when they adopt the 
predaceous habit, they promptly pay for the slight injury cau.sed by their 
feeding on plants. In the Xorth, the soldier bugs complete two gener¬ 
ations each season, while in the South they may have as many as four or 

five. 

Several other members of the Hcmiptera are also predaceous, but most 
of them are less important in the forest than those mentioned in this dis¬ 
cussion. Still other groups of insects are predatory upon forest insects 
and might well be considered if space permitted. Altogether, insect 
predators are important factors that should not be overlooked in planning 
for the control of forest insects. 

INSECTIVOROUS VERTEBRATES 

The insectivorous vertebrates, especially birds and mammals, have 
received much attention as agencies for insect control. Undoubtedly, 
they do exercise a controlling influence upon forest-insect populations. 
In Chap. VI we have already discussed these animals as to their density- 
dependent influence upon their insect prey. In that discussion some of 
the limitations of these organisms were brought out and hence need not 
be repeated. These limitations do, however, influence the use of verte¬ 
brates for control and should be kept in mind ivhen these organisms are 
considered as control agencies. 

Mammals. Almost all carnivorous animals eat insects, and a few live 
almost entirely on insects and other arthropods. Some of the mammals 
that are not usually thought of as being insectivorous actually destroy 
many forest insects. For example, mice and voles, in some years and on 
certain sites, destroy more larch-sawfly cocoons than all the parasites 
combined (Graham, 1928). 

Skunks, shrews, weasels, foxes, and many other mammals consume 
great quantities of insects on the ground. Their activities are especially 
beneficial during the dormant season when many species of harmful forest 
insects are in hibernation either on or in the ground. Even during the 
summer, skunks are diligent predators upon soil-inhabiting insects, dig¬ 
ging them from beneath the surface- Numerous holes, like small inverted 
cones, attest to the industry of these animals wherever white grubs are 
common. 
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Encouragement and protection of these valuable insect eaters should 
always be considered in planning tl)e insect conirol program for any 
forest. Unfortunately, the opportunities to <lo this are usually over¬ 
looked. In general, desirable conditions for insectivorous mammals may 
be attained by diversification of both trees and ground cover. When 
the use of mammals for the control of forest insects is considered, we 
naturally think of the introduction of new species. This metliod has 
thus far never been used in the forest, and probably attempts along this 


line should not be encouraged. The danger of introducing iu*edatory 
mammals is illustrated by experience with the mongoose. Tliis animal 
was introduced into certain of the West Indian islands to control reptiles. 


This objective was accomplished reasonably well, but at the same time 


the animal became a pest. 


Because of its taste for domestic birds, it has 


jeopardized poultry raising (Williams. 1918). 

Birds. Of all the vertebrates, birds are probably the most important 


insect eaters. McAtee (1920) mentions numerous instances in which 
birds have brought insects under control. He cites the elm spanworin. 
Ennomos suhsignarius, which once was exceedingly injuriotis to orna¬ 
mental trees. With the introduction and establishment of the English 
sparrow in the cities and towns of this country, it has become a relatively 
rare insect. Instances have been observed in which birds have dcstroye<l 
from 15 to 89 per cent of all the fall-webworm larvae in certain localities 
(Tothill, 1922). In a study of the natural agencies that control the 
white-marked tussock moth, Dustan (1923) reports that almost every 
egg mass above the snow line was partially' or wholly destroyed by birds. 
This amounted to 90 per cent of the egg masses. The cankerworms, the 
tent caterpillars, the gypsy moth, in fact practically every kind of leaf¬ 
eating insect is fed upon by many species of birds. 

Many birds are highly insectivorous throughout their lives. The 
swallows, martins, and nighthawks are among these. Others are more 
or less omnivorous: the crows, blackbirds, thrushes, and gallinaceous 
birds. Almost all the perching birds, including even the seed-eating 
finches, are highly insectivorous in the nestling stage. Because these 
seed eaters are nesting during the period of greatest insect abundance, 
they are valuable aids in holding down insect populations. Therefore 
the forester should give them every aid that is practicable. 

The encouragement of birds, as with mammals, can be accomplished in 
part by diversification in the forest. The more diversified the environ¬ 
mental conditions, the greater will be the variety of bird species. In this 
connection we should bear in mind that territorial limitations operate 
within species and not between species. For this reason, the greatest 
possible bird population can be obtained only in places where the greatest 
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(livor-^ity of environment prevails, because there the largest number of 
species will fiiui favorable places to live. The forester must remember 
that in the carefully managed forest favored nesting sites for certain birds 
are often incidentally eliminated, especially those that nest in the hollows 
or holes of tree trunks. Without svich nesting places, those birds will be 
eliminated from the forest, at least for the nesting season. In some 
I0uroi)ean forests, the provision of nesting boxes for hole-inhabiting birds 
is common and is said to pay a high return on the investment. 

'I'he introduction of bird predators is often urged as a means of con¬ 
trolling forest insects, but this procedure is attended with more evident 
risk than is the case with invertebrates. Flexibility of habit and great 
powers of mobility make these vertebrates effective predators; but these 
.^ame characteristics may make them undesirable additions to the environ- 
m(‘nt. Several examples illu.strate this, although none of the introduced 
birds happens to be of the forest-inhabiting species. Several introduced 
birds have become undesirable competitors with native species. For 
(>\ample tin* English sparrow, mentioned previously, although it accom¬ 
plished .some good, reduced the number of native bird predators in the 
areas wlierc it became abundant. Similarly the starling, although highly 
insectivorous, has become a pest in cities, where it roo.sts in great flocks 
and has come into direct competition with more desirable native species, 
'riu'so and other instances of introduced predators serve as a warning of 
the possible risks involved, if birds are introduced without careful con¬ 
sideration of their desirability in our fore.st environment. 


CONCLUSIONS ABOUT BIOTIC CONTROL 


There is a popular idea that parasitic and predatory species can per¬ 
form miracles in forest-insect control and that these organisms, properly 
handled, could eliminate the danger of all insect epidemics. Valuable as 
these organisms undoubtedly are, they are only a part of environmental 
resistance. Furthermore, neither parasites nor predators will ordinarily 
eliminate their host or prey. The fact that all these forms of life have 
lived together for generations is prima-facie evidence that the former do 
not usually destroy the latter. Therefore, when we introduce one organ¬ 
ism to control another, we have no right to expect better results than 
the beneficial species has been able to produce in its native land. Biotic 
pres.sure can exert a powerful influence in holding down pest populations 
but, working alone, it can neither eliminate pest-s nor altogether prevent 


outbreaks. 

Precautions. In introducing an organism into a new environment, we 
should observe certain precautions. First be sure that the organism is 
provided with satisfactory physical conditions. Introductions should be 
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made only into new areas where the climatic conditions, in their essential 
characteristics, resemble the native home of the organism. This is an 
important consideration which has often been neglected ami which 
explains many of the failures that have been experienced in the past. 

Introductions should be attempted only in locations where the host or 
prey is present in abundance. Furthermore the food species must be in 
a stage and in a position suitable for attack; otlierwise the introduced 
animals will inevitably starve, and our etYorts will be wasted. 

Organisms should always be introduced in large numbers. It is far 
better to release many individuals in one location, than to release the 
same number scattered over a large area. Experience has demonstrated 
the truth of this over and over again, not onlj' with in.sects but also with 
vertebrates. 

In introducing parasitic imsects, cure must be exercised to avoid the 
release of undesirable species. Prominent among these arc the hyper- 
parasites. Some .species are primary at one time or on one host, whereas 
at another time or on another host they may be hyperparasitic. There¬ 
fore, special care must be exercised, especially with parasites of small size, 
to avoid introduction of species of this sort. Also, it is unwise to intro¬ 
duce species that promise to be less elTective than tho.se already present. 
Once establi.shed in a natural environment, an insect species can seldom, 
if ever, be removed. Therefore, it behooves us to be sure of our choice 
of an introductee before it is too late. 

Ideally, the complete life history, its reactions to the phy.sical habitat, 
and its ecological relations with other organisms should be known before 
an organism is introduced. Practical limitations of time and expen.se 
prevent the attainment of this ideal. Hut no para.site or predator should 
be introduced until at least the principal facts concerning its life history 
and habits have been determined. 


Interpretation of Results. The results of parasite and predator activi¬ 
ties are often difficult to interpret. To do this accurately re<iuires careful 
population studies, which may be impracticable. However, wc are often 
able, by simple counts of parasitized and unparasitized insects, in samples 
representative of the population, to determine the proportion of a par¬ 
ticular stage that has been destroyed. Sometimes these observations are 
expressed as if they represent the efTect upon the population of the insect 
as a whole, when actually it applies to onlj" one stage. For example, a 
predator may destroy 75 per cent of all the pupae of the larch sawfly. 
This obviously does not mean that the predator is responsible for a 75 
per cent reduction of the sawfly population, as some authors say, but 
merely that the pupae alone were destroyed to that extent. Care should 
always be used, when quantitative statements are made relativ'e to the 
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<.|T('<-ts of biotic factors, that tl.ese statements are expressed in accurate 
toin!< riie total eiYects of a resistance factor upon the population of an 
insect .species c;in be expressed only in terms of tlic potential population 
of tliat species. The elTcct observed upon a single stage, therefore, is 
only a segment of the wl.ole and should always be so indicated. 

In conclusion, we repeat emphatically that the use of parasites and 
predators provides invaluable opportunities to control injurious forest- 
insect populations. These biotic methods should not be overlooked if we 
are to manage our forests eifectively and economically. We should also 
bear in mind that the application of chemicals, discussed in Chaps. VIII 
ami IX. will result in killing, directly or indirectly, some of the valuable 
organisms. This is unavoidable. However, techniques have been 
worked out that reduce these injurious effects to a minimum, as already 
indicated. Therefore, it is es.sential that the advice of those who know 
how to apply these safe techni<|ues he enlisted before chemicals are 
applied to forests. Otherwise the application of chemical control may 
result in long-time injury, to parasitic and predatory species, that will 
be difficult and expensive to repair. Because of this hazard, the control 
of forest insects by chemicals should always he regarded as an emergency 
measure. It should be enlisted only when control by parasites and 


predators, or by tbo silvicultural practices discussed in the following 
cliapter, cannot be etTectively applied. 



CHAPTER XIII 

INDIRECT CONTROL BY SILVICULTURAL PRACTICES 


Every operation in the forest influences the environment and tiiorehy 
creates conditions that are either favorable or unfavoralde for liarmliil 
forest insects. Many of man’s practices in the past have unconsciously 
encouraged insect outbreaks. These errors should be avoided in the 
future. Fortunately, it is not only possible to avoid creating conditions 
conducive to outbreaks but actually to produce safer conditions in the 
course of regular logging operations without any additional cost. In 


other instances, special operations may be required to correct past errors 


or to create desirable conditions. But in no case should the cost of these 
operations approach the expense entailed by direct methods of control. 


BASIS FOR SILVICULTURAL CONTROL 

Maintenance of the Biotic Balance. Generally speaking, the control 
of insects by silvicultural practices is accomplished through the mainte¬ 
nance of the biotic balance and the avoidance of practices that will dis¬ 
turb that balance. In this connection we should bear in mind that 
during the development of a forest from youth to maturity, the value of 
the individual environmental factors is continuously changing. As the 
force of one factor diminishes, another increases, thus maintaining the 
equilibrium under changing environmental conditions. This develop¬ 
mental sequence in the life of a forest is accompanied by a sequence of 
insect species characterizing each stage. As a result, different age classes 
of a tree species are not ordinarily subject to injury by the same insects. 
This, as we shall see, is of importance silviculturally in handling tree 

species that grow naturally in pure stands. 

Following Nature’s Plan. Experience has shown that some forest 
types are highly subject to insect injury, whereas others are relatively 
safe. Obviously our objective should be to decrease the areas occupied 
by the former and increase those occupied by the latter. Unfortunately, 
forestry in America is too young to have provided an adequate back¬ 
ground of silvicultural experience to serve as a basis for indirect control, 
but the manner in which our virgin forests developed to maturity with¬ 
out disastrous insect injury, follo^ving nature’s silvicultural plan, pro- 
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vides a pattern that we can follow. In time, having accumulated a 
background of .silvicultural experience, we may find ways of improving 
on nature. In the meantime, we shall do well to gain a better under¬ 
standing of nature’s succes.sful practices through the ecological analysis 
of succes.sfid forest types. 

REGULATION OF FOREST COMPOSITION 

Of all tlie .silvicultural practices, the one that offers the widest oppor¬ 
tunity for producing conditions that will discourage insect outbreaks is 
tlie regulation of fore.st compo-sition. When such regulation is handled 
properly, wo liave at our command an invaluable means of insect control. 
On the Other hand, if the pos.sibilities for control are ignored, man-made 
changes in forest composition may actually serve to bring on outbreaks. 

Importance of Mixed Stands. Any study of our country’s virgin 
forests will furnish incontestable proof that mixed stands are much safer 
from insect injury than are pure stands. In fact we may safely say that 
the greater the diversification of tree species, the less frequent will be 
in.sect outi)rcaks. This is an illustration of the general ecological principle 
that other things being equal, the degree of environmental stability is in direct 
proportion to the number of species living together in an environment. The 
truth of thi.s becomes clear when we remember that in a diverse environ¬ 
ment important limitations upon dangerous pests prevail. For example, 
the risk attendant upon the search for food is far greater than in pure 
stands where every tree provides a food supply. Furthermore, diversity, 
both of insects living on the trees and of the parasites and predators 
feeding upon them, results in a multiplicity of interactions that tend to 
limit the increase of all species in the complex environment. As examples 
of mixed types in which disastrous outbreaks seldom or never occur, we 
may mention the so-called mixed raesophytic forests of the Ohio Valley, 
the mixed southern hardwoods, the mixed northern hardwoods, the mixed 
coniferous forests on the western slopes of the northern Rocky Mountains, 
and the mixed forests of the Douglas-fir region. 

Each of these types is made up of a combination of tolerant and 
intolerant species. In them the natural trend is toward the elimination 
of the intolerant trees and the perpetuation of the more tolerant, shade- 
loving kinds. In the northern hardwoods, for instance, only sugar 
maple, hemlock, and beech can persist indefinitely, because they are 
the only species living in their climatic area that can reproduce in shade. 
The more intolerant species, such as birch, elm, oak, and ash, find little 
opportunity to reproduce except in openings of at least acre. Under 
primeval conditions the reproduction of these intolerant trees has been 
made possible by disasters—fire, fun^, and insects. Similarly, the trend 
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in the northern Rocky Mountains is toward the tolerant true firs; in the 
Douglas-fir region, towar<l hemlock. 

Therefore, if we are to maintain the highly diversified “inseclproof” 
condition characteristic of the true mixed forest, now that catastropliic 



A 




Fio. 28. Diagrammatic cross section of two forest areas illustrating the effect of a spnice- 
budworin outbreak upon forests of different compositions in the same locality. Balsam fir 
is represented by a narrow unshaded cone, pine by a broad cone, spruce by the figure with 
drooping braiiclies, other conifers by the shaded cone, and hardwoo^ls by the rounded 
crown. The upper lino of each pair represents conditions existing before the outbreak: the 
lower, conditions following the outbreak. is a stand containing a considerable mixture 
of balsam fir with hardwoods, some pine, and other conifers. B represents a stand that wa-s 
predominantly balsam fir. B was much more severely injured than A. It is doubtful if an 
outbreak could have built up in A if it had not been for a preponderance of adjacent stands 
similar to B, 

events are largely eliminated, we must seriously consider this objective in 
planning logging operations. One of the most promising methods that 
will maintain the mixed condition is to cut in small groups. On the other 
hand, individual tree selection that does not tend toward groups is proh- 
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ably tlie worst practice from the standpoint of insect control. Individual 
tree selection tends to encourage pure stands of tolerant species and will 
ultimately lead to outbreaks of such in.sects as the hemlock looper, 
Lambflina sp.; the fore.st tent caterpillar, Mahcoso?na disstria; the saddled 
prominent, Ileterocampa (jutlivitta; and numerous other pests of the 
tolerant forest types. 

In types less diversified than the mixed forests mentioned above, 
logging should be conducted in such a manner that a maximum variety 
of tree species can develop. Kven in the spruce-fir forests, the mixture 
following cutting can be improved by cutting in groups or strips. This 
.system will create openings where spruce, aspen, birch, and balsam fir 
will grow up together, the hardwoods protecting the conifers from attack 
of in.sects, until the firs approach maturity. 

If cutting areas are so distributed that contiguous units are cut at 
intervals of not less than 10 to 15 years, it seems almost certain that 
outl)reuks of such insects as the spruce budworm will be prevented. 
Under tliis .system only from one-tenth to one-fifteenth of an area would 
become .subject to attack each year: moreover, these susceptible units 
would be scattered. In this manner a mixture of species would be main¬ 
tained while the trees are young and a mixture by age classes as the trees 
approach maturity.* 

Ensuring Suitable Reproduction. Control of insects by regulation of 
composition depends for its succe.ss upon the establishment, after logging, 
of an adequate amount of satisfactory reproduction of all the desired 
species. Many trees cannot reproduce successfully on soil covered with 
organic debris. Therefore, logging operations that do not scarify the 
ground, exposing mineral soil for a seedbed, maj' result in the elimina¬ 
tion of certain species from a mixture. This is true of the fir-spruce- 
aspen-birch mixtures. If the soil is left undisturbed after logging, balsam 
fir will increase at the expense of the spruce and hardwoods—a most 
undesirable condition (Crosley, 1949). Scarification can be secured dur¬ 
ing summer logging by using tractors for skidding. On areas logged in 
winter, scarification could be accomplished by harrowing, subsequent to 
logging and prior to the ripening of a seed crop. When reproduction of 
the desired species does not occur naturally, it may be wise to resort to 
planting in order to maintain a safe mixture of species. 

The dangers which are attendant upon changing mixed stands into 

‘ Ix)gging in small scattered units, as suggested above, or planting in such a manner 
that similar diversification is obtained, presupposes that operations are on areas 
accessible by road. Logging operations from large temporary camps do not lend 
themselves to these desirable practices. Fortunately, the trend is away from such 
operations and toward scattered cuttings. 
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pure stands are wel) illustrated l)y the liistoiy of jack i)iuc iu th(‘ Lake 
slates. ()ri<::inally this sjH'cies ^rcw on <-()iuparaf i\ (‘ly suial! ai(‘:is on poor 
.sandy soil.s, intersper.soil with (jther forest typ('> ^irowin;; on Ixuter soils. 
.\lter the white and red pine were lo^j^ed off. llu'j.ack |)in(* e\1 ended its 
domain over vast areas. The original foi(‘st had Ix-en notal)ly free fiorn 
insect injury, l)uf since lOL’O th(‘ jack pine, now growing o\-ci (‘xlensi\ (* 



Fio. 29. Overmature jack pine .severely cJefoliated by the spruce budworm. Although 

they had lost more than 80 per cent of their normal compleiiiont of foliage these tree' 
recovered. 


continuous areas, has sulTered from at least three serious defoliators and 
two scale insects. 

Diversifying Single-species Forests. A question that may well bo 
asked at this point is when, if ever, can pure forests be grown without 
danger of major insect attack? Since certain species are normally found 
in natural pure stands, for example, pondero.sa, red, and jack pines, it 
should be possible to establish single-species stands that are relatively 
free from attack. To do this, man must understand the conditions of 
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I'lo. 30. Wiml-thrown rroen ia a l»oK-.'C*<.*i>at:o forr.-t ia nartlu-rn Mii-hijian following the* 
>t<>rm of Oct. l(». 1040, Lx<.-C:"«ive iiuroa-'t* of noxious ia><;ct.s w-»> prevt*nto«l by ]>roiiipt 
>nlv:ii:t' of tho fallen tree'. A similar latasUophe in the same •«w-ainp in 1040 was followed 
h\ ;in outbreak of tlie easiern spruce beetle that built up in the wiml-tlirown trees. 

Mixc*tl-:ige cla.^so.s in puro forest types can be .secured by cither scattered 
cuttings or plantings. In either procedure, the aim will be to mix age 
classes groupwi.sc in small units, so that no contiguous groups are in the 
.^ame age class. In this way, at any one time, only a fraction of a large 
area can be subject to attack by a certain insect. 

Wlienever this practice of diversification by age classes has been ignored 
in pure .stands, man has had to contend with insect outbreak.s. An 
example of this is to be observed in the Lake states where, from 1932 to 
1938, thousands of acres of national and state forestlands were planted in 
solid blocks with red-pine seedlings. Within 10 years, several serious 
insect pests became so numerous that direct control measures were neces¬ 
sary to sav'e the plantations. 


the natural pure fort'sts that ensured survival and be prepared to dupli- 
( lit.' the e»ential eoiiditThe impnrtanee of these conditions .seem.s 
t(. have been overlooked. Th.>se natural pure .stands that proved to be 
ms('('t-re>istaiit were eoinposed ot limited-sized groups ot dilTerent age 
(■hi>s('s, Man has cried in not duplieating tln'se features in his silvi- 
culttiral practices. A mixture of age classes creates a safer eondition 
than would prevail in an extensive single-age forest. 
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Causes Leading to Hazardous Conditions. Pure stands liave l)con 
created by de.structivc logging and fire, as well as l)y planting; regardless 
of their origin, they arc equally subject to insect attack. Examples of 
pure stands created by logging are common: for instance aspen stands, 
attacked by forest tent caterpillar; oak forests, .subject to attack by 
walkingstick.s, Diaphcromcra j'emorafa; stands of paper l)ircli, attacked 
by various defoliators; forests predominantly balsam fir, attacked by the 
spruce budworm; and pure pine stands, attacked by several species of 
sawflies. 

Animals, both wild and domestic, hav'e also l)een responsible for unde¬ 
sirable changes in forest composition; for example, the elimination of 
particularly palatable tree species, such as yellow birch, elm, and bass¬ 
wood by deer browsing, in localities where overzealous protection has 
permitted these animals to increase excessively; also the disruption of 
the normal distribution of age classes in various forest types where over- 
grazing by dome.stic stock has been permitted. In each case the trend 
toward pure stands and a single-age class has increased the dangei- of 
insect outbreaks. 

REGULATION OF DENSITY 

In addition to the regulation of forest composition there are a number 
of other silvicultural means by which the harmful activities of forest 
insects may be reduced. One of these is the regulation of forest density. 
One of the objectives of regulating density in the interest of insect con¬ 
trol is to maintain thrifty growth. Thrifty, rapidly growing trees are 
generally far less subject to insect injury than are slow-growing, unthrifty 
individuals in a comparable situation. 

Thinning to Stimulate Vigor. If young trees are standing too close 
together to permit satisfactory growth of dominant and codominant trees, 
removal of part of the stand by thinning or partial cutting will often 
ensure vigor and thereby lower the danger of insect devastation. Thin¬ 
ning is usually accomplished by use of the axe and the saw. The eco¬ 
nomic justification for such operations is apparent if the materials cut 
can be marketed for a price sufficient to cover the cost of the operation. 
If the products cut are not salable, thinning might entail an outright 
expenditure of from S20 to S30 per acre, the justifiability of which might 
logically be questioned. Some authorities have recommended a less 
expensive method of thinning certain forest types, namely, controlled or 
regulated burning. Unrestricted burning cannot be condoned, but con¬ 
trolled burning properly planned and executed can be a useful silvicul¬ 
tural tool (Weaver, 1947). 

The age at which a stand requires thinning varies with the species and 
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with tho umouiit of u-atcr available in the soil. Before the crowns of a 
youn- .stand have closed, the evaporatinj^ leaf surface is so small that the 
lives ran -row well in locations wlierc the available moisture is relatively 
low buti'r. when th(‘ trees have closed together, the evaporating leaf 
surface is greatly increa.sed while at the .same time interception of pre- 
{■ipitation by the crowns reduces the amount of water reaching the soil 
surface. 'I'herofore. a stand of largo seedlings or small saplings may 
grow w('ll during their early years and suffer later from water deficiency. 
On dry sites this condition may develop long before the trees reach 
inereliantahle size, wlnu'cas on moister sites water shortage may never 
(XMHir. 

Wln-n severe eompetition for water develops, the growth rate and 
vigor of the trees arc redueed; whereupon they become increasingly sub¬ 
ject to attack and injury by pests. On the drier sites, this competition 
for water may devi*lop at such an early age that the stand will fail to 
break up into the normal distribution of crown classes. As a result it 
become.s stagnant. On belter sites, individual trees will gain dominance 
over the others, so that ultimately they will eliminate their smaller com¬ 
petitors. In the latter ca.se, thinning to regulate density is seldom 
neces.sary. In the former it is essential, if the trees are to be brought 
to commercial maturity. The age when thinning should be done and 
the intensity of thinning required will, as we have said, depend upon the 
amount of available water. 

From this discussion it is evident that, on sites with adequate water, 
trees can grow in dense stands, whereas on the drier sites only scattered 
groups or individual trees, separated from their neighbors, can reach 
maturity. 

Encouraging Straight Growth. Although wide spacing may be desira¬ 
ble for trees above sapling size, seedlings and saplings are often benefited 
by growing in dense stands. This is especially useful in preventing 
injury from insects that damage the leading shoots. Obviously, young 
trees should never be grown so close together that satisfactory growth is 
impossible; on the other hand, they should be grown in sufficiently dense 
stands so that side shade will stimulate straight growth, thus maintaining 
the excurrent habit. This will cause trees injured by such insects as the 
white-pine weevil, Pissodes strobiy the Sitka-spruce weevil, Pissodes picea, 
the reproduction weevil, Cylindrocopturus eatoni, and the European pine 
shoot moth, Rhyacionia bitoliana, to outgrow injury (Graham, 1926; 
Miller, 1950). Furthermore, the white-pine wee\’il and most other shoot 
insects decline in numbers soon after the crowns close in a dense stand. 

Eliminating Alternate Hosts. Density also has an important influ¬ 
ence upon insects that require herbs or shrubs as alternate hosts. For 
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•xample, the Saratoga spitllel)ug. A phropiiora i<ara(o(j( n.sis, i.s (le})eii(l('iit 
upon certain .sluulis and lierhs for food during tlie nyinplial stage. Only 
in the adult stage does it attack and damage the young })ines. The 
favored food plants for the nymphs are sweetfern and l)lackherries. 
When these intolerant shrubs are killed bv sliade, the source of infesta- 
tion to the pines is eliminated. 

Influencing Physical Factors. Forest density influences tlie pliysical 
conditions found in the forest by modifying such factors as light, evapo¬ 
ration, air movement, and temperature. .Mthough the elTect of thes(‘ 
factors is evident from general observations, specific information con¬ 
cerning their influence on insect life in the forest is very scarce. It is 
known that many of the sun-loving beetles are attractetl only to thos(‘ 
trees or parts of trees that are exposed to tlie direct rays of the sun: for 
instance, the work of the two-lined chestnut borer. Ayrilns hiluicatn.s, is 
almost entirely confined to individtial ornamental trees, to trees in open 
stands, or to the few exposed branches in fully stocked stands (Cdiapman. 
1915). The same i.s more or less true of the bronze bircli borer, Ai/rihm 
anxiini, the hemlock borer. Melanophila Julvogultatii, and many other 
species. 

The effectiveness of predators is often affected by density of the forest. 
In open, abused forests they are likely to be le.ss numerous than in denser 
stands (Bess, 1947). Fully stocked stands, therefore, afford an increased 
possibility of insect control through predatory in.sects. 

Adaptation to Site Conditions. Site conditions have strikingly impor¬ 
tant influences on the susceptibility of trees to insect injury. Trees 
growing under site conditions to which they are adapted are tlirifty and 
relatively resistant to insect injury. For example. Craighead (1925) has 
shown that balsam fir is much more resistant to injury by the spruce 
budworm when it is growing on a favorable site than when it is growing 
under poor conditions. He goes so far as to recommend growing this 
species in pure stands, on sites where the tree grows rapidly, in spite of 
the budworm menace. Whether or not such a recommendation should 
be accepted has been questioned, but the fact remains that vigorous trees 
survived an outbreak when growing on favorable sites, whereas less vigor¬ 
ous trees in the same locality were almost all killed. 

Temporary Intolerant Types. From observations in Minnesota and in 
Michigan (Hall, 1933), it appears that thrifty forests are, as a rule, 
immune to the bronze birch borer. This insect is usually secondary 
but sometimes it becomes primary. In a fully stocked birch forest, 
after the rate of growth has been reduced because of overmatiirity or 
competition, especially under poor site conditions, this insect will attack 
branches and the upper parts of the bole of somewhat decadent trees. 
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At first tho larvae may fail to survive and their tunnels will be over^^rown. 
Ibit after a number of years, repeated injury appears to reduce llie tree'.s 
vijior until it dies. Thus openings in the stand are created. Then tlie 
exposed trees on the edge of tlie openings eventually become infested and 
di(‘. tlius enlarging tho openings. Once this condition is reached, the 
lH)rer population grows rapidly and the infestation may change from a 
s<‘eondary to a primary status. Stands of while birch growing on poor 
sites are almost certain to deteriorate in this manner before they reach a 
diameter of t» inches. On better sites a similar deterioration does not 
occur until the trees reach an age of from To to 100 years. Much of the 
secoml-growth white birch in the Northeastern forests is growing on poor 
soils, and for tins rea.son agrilus may prevent most of these stands from 
reaching full development. 

Site, therefore, must be considered .seriou.sly in formulating plans for 
handling stands of white birch. White-birch forests shoiild always be 
utilized Ix'fore they begin to deteriorate. On poor soils, e.specially. pro¬ 
vision should be made to eonvert temporary birch forests to other species 
better suited to the site. 

Similarly, stands of aspen aiul other temporary forests of intolerant 
species growing on poor sites, will deteriorate at an early age. Insect 
))ests are often associated with this deterioration. Therefore, all such 
species require silvicultural treatment .similar to that suggested for birch. 
Site conditions should be a primary consideration in formulating the 
silvicultural plans. 

Susceptibility to Bark-beetle Attack. In the West, site is of con¬ 
siderable importance in determining the susceptibility of trees to bark- 
beetle attack. In stands of the .«ame physiological age and character, 
the mirnbor of trees attacked will be higher on poor than on good .sites. 
.Moisture is the most important site factor responsible for this condition: 
therefore, the above statement fails to apply at high elevations, where 
temperature is the chief limiting factor. Also during seasons of unusu¬ 
ally severe drought conditions, trees on good sites are affected even more 
than those on poor sites, the latter being better adjusted to water defi¬ 
ciency than stands ii.sually more favorably located. Therefore, during 
periods of drought, outbreaks of bark beetles may develop on the better 
sites, and the forester must be prepared to control them by direct means. 

Physiological Maturity. Western while pine in the Inland Empire 
region of Idaho and Montana exhibits conspicuous reaction to site. 
-Vccording to information received from J. C. Evenden, in white-pine 
stands on poor sites growth is slow and the trees become subject to pest 
attack at an earlier age than tho.se on good sites. In this case, moisture 
appears to be the controlling factor in the development of physiological 
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maturity. On the poorer sites, therefore, suseeptibility to pests might 
be reduced by thinnings or partial cutting, tliat would make more water 
available for the residual tree.s. 

We may conclude that adaptation to .site conditions may be accom¬ 
plished in a variety of ways: (1) b}’ converting otY-site temporary types 
to types better suited to the site. (2) by encouraging species suited to 
the site, (3) by adopting appropriate thinning and cutting practices 
designed to adjust rc.sidual stands to site conditions. 

REGULATING WATER LEVEL 

Stimulating Growth. When unfavorable site conditions are due to 
water level, man can often make needed improvements. Sometimes a 
site is poor because of an exce.ss of surface water. This may result in 
producing an acid soil and other conditions that inhibit growth. In some 
cases these conditions may be improved by the construction of a stiper- 
ficial drainage system to carry olT the surplus water. Such operations, 
if thej' result in the stimulation of growth and the improvement of the 
tree’s vigor, maj’’ ju.stify their cost by the resulting reduced .susceptibility 
to insect injury. 

Modifying Ground Cover, .\nother elTect that drainage may have in 
the case of swamp forests is to change the character of the ground cover. 
There is evidence that such a change will have an elTect upon the over¬ 
wintering .stage of pests that hibernate in the layers of duff or in the 
surface vegetation (Graham. 1928). For instance, if certain tamarack 
swamps were superficiallj' drained, the surface vegetation of moss and 
sedge would give way to other plants and become more varied. This, 
in turn, would bring about improved conditions for mice and shrew.s— 
animals that destroy large numbers of larch-sawfly cocoons. Further¬ 
more, hibernation of the sawfly is most succes.sful in the sphagnum hum¬ 
mocks that are .so common in tamarack swamps. Therefore, a change 
from sphagnum ground cover to one more characteristic of drier land, 
would increase the liazards of hibernation for tlie sawfly. 

Raising Water Level. Removal of superficial water by drainage pro¬ 
duces permanent changes conduciv'e to lessening unfavorable insect activi¬ 
ties, but sometimes these same results can be secured by temporarily 
raising the water level. This technique can be used to advantage against 
the larch sawfly. If the water level in a tamarack swamp is raised at the 
time of cocooning, the number of available spots suitable for this activity 
will be reduced. The cocoons then become concentrated in places where 
predators can more easily find and attack them. The opportunity to 
raise water levels is rare and hence not of so much importance as is surface 
drainage in the control of insect pests. 
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IMPROVEMENT OF PLANTING STOCK 

W hoiiovcr roproduclion is obtained planting, it would be ideal if 

the forester could use stock that would produce a forest, free from insect 

:ittaek. rnfortunately this cannot be accomplished. Only occasionally 

i-an stock that is resistant to even one insect be found. The desirability 

of breeding inseet-re.sistant strains of trees has long been recognized, and 

the possibilities of doing this are evident from the resistant individuals 

oceasionallv observed in the field. Unfortunately, little breeding of this 

% 

sort has been done. 

Breeding Trees for Resistance. Breeding tree.s for resistance is not 
easy. It is both expen.sive and time-consuming. Unfortunately, from 
the viewpoint of forest entomolog\’, almost all tree-breeding work has 
been for other purposes than insect control. Undoubtedly, breeding for 
in.sect resi.stance could produce valuable results. 

Occasionally l)reeding <lesigned for other ptirposes produces strains 
liaving a high degree of insect resistance. For instance, a hj'brid of 
.lefTrey and Coulter pine, developed at the U.S. Forest Service, In.stitute 
of Forest Getietics, proved to be very resistant to the highly injurious 
plantation weevil. The presence in the field of re.sistant individual pon- 
<lerosa and .Jeffrey pines indicates that resistant varieties of either species 
might be obtained by selection; however, the hybrid affords an immediate 
.source of a limited (juantitj' of resistant .seed. 

In discussing this hybrid. Miller (1950) points out that resistance is 
apparently accomplished in part by walling off the attacked areas in the 
bark l)efore the larvae reach the vital cambium and in part by the pro¬ 
duction of large (piantities of resin. The former reaction is indicated by 
a thick layer of cork cells surrounding the necrotic areas. The latter is 
evidenced by a great concentration of resin ducts inside the cambium 
and also by the flow of the resin from these ducts into the bark. A 
similar condition is evident in resistant individuals of both Jeffrey and 
pondero.sa pine. 

Selection from Desirable Parents. Although the possibilities of tree 
breeding are recognized, we cannot expect to obtain many resistant 
varieties in the near future. Therefore, at least for the present, the 
production of resistant planting stock must depend upon the selection of 
seed from especially desirable parent trees. Selection from resistant 
individual trees has one glaring inadequacy. It is made on the basis of 
the desirability of only one parent. The characteristics of the pollen¬ 
bearing parent might be either good or bad. The chance of collecting 
seed from good parent stock on both sides could be improved by removing 
all undesirable individuals from seed-collection areas. When it comes to 
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Fig. 31. Cross sections of pines oxfiihiting rosij>tance reactions to attacks of the reproduction 
weevil. A illustrates the reactions of u resistant ponderosa pine to attack. NecTOtie areas 
in the bark have been walled off by a layer of cork 1 j ear followiiig the attack. Observe the 
concentration of resin ducts formed at the time of attack. B shows the cross section of the 
resistant Jeffrey-Couller pine hybrid 2 years after attack. Necrotic areas in which the 
larvae mined arc being sloughed off. Concentration of resin ducts is evident in the wood 
produced during the season of attack. {Bureau of Erttorfiolo(/y atui Plaid Quarardinc.) 
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ih'tt'rmininii whet her a tree will he good or poor for the production of 
insect-roistant olTspring, there are eertaiii guides to help us. These 
(leieetal)le characteristics of insect-resistant trees were di.scussed in Chap. 
\' and will not he repeate<l here. The prohlems inherent in selection and 
hreeding with a view to iirotlucing insect-resistant stock for planting p\ir- 
poses olfer a real challenge to the enterprising fore.ster. 

Selection from Suitable Habitats, .\lthough the development of tree 
varieties resistant to insect attack has not often been accomplished by 
mail, nature, in every locality, has been selecting through the ages those 
individuals best fitted for survival. Ob.servations indicate clearly that 
tr<-cs lire especially subject to insect attack when they have been taken 
from their native habitat and grown under dilTerent conditions. This 



V\o. :V2. The repr<)<lui ti<m weevil, Ci/lin<lrocoptiirti9 eotoni, foodiiiK upon a pondorosa pine 
needle. (Ihtraiu of Enlomology anti Plant Quarantine.) 


rule applies not only to species but almost as much to varieties of species. 
Care should, therefore, be e.xcrciscd that planting stock is grown from 
seed collected in a climatic area similar to the place where it is to be 
planted (Isaac, 1949). The importance of this from the viewpoint of 
forest entomology cannot be overemphasized. 


MAINTAINING THRIFT BY LOGGING 

Control of forest insects by silviculture is by no means limited to 
practices aimed at the regulation of composition and density, to the 
adaptation of forests to site, or to the development of desirable varieties. 
These practices are concerned chiefly with the developing forest. Other 
equally important practices can be applied to the mature forest, to create 
safe conditions until the trees are utilized. 

Use of Tree Classifications. As soon as a forest reaches merchantable 
size, it may be clear cut; usually foresters find that the removal of the 
trees in a series of partial cuts is not only more desirable silviculturally 
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Fig. 33. Keen’s tree classification of pondarosa pine* (Bureau of Entomology and Plant 
Quarantine.) 





11)2 


FOREST EX TOMOLOGY 


l)ut also in(H(' profitable. In planning for a partial cutting the question 
IniiiK'tliately ari.ses as to which trees sliould l>e cut and winch left. A 
lumiber of tree cla-^sitieation^ liavc been (Jevi.sed that make it possible 
for the forester to decide whicli trees should be removed first and w'hich 
.-liould l)e left for u later cut. Keen's clas.sitication of ponderosa pine 
on the ba-sis of age and vigor, as indicated by bark and foliage charac¬ 
teristics, is a useful tree classification for silvicultural purposes (Keen, 
19-13). iiy application of this cla.ssifieation it is possible to select trees 
from those clas.ses that possess the lowest growth capacity and the highest 
incidence of bark-beetle infestation. The cla.ssifieation applies especially 
to the interior or east-side type of ponderosa pine. A similar classifi¬ 
cation has Ijcen devi.sed for eastern hemlock based on age and crown 
characteristics (Clraham, l‘J-13). Generally speaking, the oldest trees 
with the p(jorest crowns are likely to be most subject to injury and, 
therefore, should be cut first. The location of the lino between the best 
trees ami the worst, above which the trees should be reserved and below 
wd'.ich they should be cut, depends upon the plan of management for the 


particular stand. The shorter the cutting cycle, the fewer wdll be the 
da.s.ses in which cutting is done. 

Removing High-risk Trees. Within any class some trees may be in 
better health than others (Keen and Salman, 1942). In marking a stand 
for partial cutting, any .sick trees should usually be cut regardless of their 
class, .since these subnormal individuals are most likely to succumb to 


the attack of insects (Salman and Bongberg, 1942). Therefore, it is 
desirable to take current health into consideration when using a tree 
cla.ssifieation. Keen accomplishes this by applying a penalty system by 
which each tree may be scored according to its health. This penalty 
system may be compared wdth the risk rating discussed in Chap. Ill as 
follow's: Penalty score 0 corresponds to risk-rating class 1; penalty scores 
I and 2 correspond to class 2; penalty scores 3 to 5 correspond to class 3; 
and penalty score 6 or over corresponds to class 4. 

The fundamental difference between the tree-classification and the 
risk-rating systems must be kept in mind. The first is based upon the 
acturial probability that trees in a certain class will survive until the 
next cutting. The second rates each individual tree according to its 
current health. Applying the risk-rating system, sanitation-salvage cuts 
are being made in ponderosa pine for the purpose of removing trees 
immediately subject to bark-beetle-attack. Such an operation reduces 
the hazard of bark-beetle attack to a point where it is hoped that losses 
will not occur for a period of from o to 10 years. After that, a second 
sanitation-salvage cut may be made if enough trees have reached a con¬ 
dition of high risk. Ordinarily, however, the second cut will have special 
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.<ilvifuUviral ol)joftiv(‘s l(‘a(lin«i Id the estal)lishment of rv'procluction for 
the next tree generation and the normal di.^trihution of age classes. 

In Montana, the risk-rating sy.•^tem is usval in marking oxernvatnre 
stands of ponderosa pirn*. In t Iiese st ands a r<“lat i\ ely luaiv y cut is made, 
and the perivid between cuttings is correspomlingly extemled, somv'limes 
to 30 years. All the trees in the two higliest ii>k classes and a few of 
those in classes 1 and 2 are removed. Man\’ workcas fe(‘l tliat cuts based 
onh’ on eurrent liealth most be repeatei] inon* fr(M|uently tlian ('very 30 
years in o\'erniatnre pond(‘rosa-pine types. I'hey point out that witliin 
a 5-year period some trees may sliift from one risk cla.ss to anollu'r and 
tliat, within 10 years after tlie Initial cutting, hazard will jiroliabiy have 
increased to a degree recpiiring anotlu'r cutting. (>n tiie otlu'i' hand, it is 
possilde that tlie heavier cutting made* in the Montana stands will not 
only remove the trees eurrc'ntly in tin* high-risk classc's. Imt will also 
reduce competition in the ivsidual stand to a gn'ater degree than would 
the liglit salvage-sanitation cuttings. As a result, the iiealth of the stand 
might improve rather than deteriorate. 

In this cliapter on control by silvicultural practices, various princijih's 
have been considered. In the following chapters, tlu'sc principles will be 
referred to frequently when specific pests are discussed, and sometimes 
details that apply to particular species will be added. 



CHAPTER XIV 
LEAF-EATING INSECTS 


I'he foliage of trees furnishes loocl for a host of insert .species, many of 
th(‘ni (langeious forest pests, but the intijority of the leaf-eating insects 
usuali>’ oc(*ur in compaiatively small numbers. \\ lien they are not 
numerous, they scarcely affect the welfare of the trees becau.se thrifty 
trees always have a greater amount of foliage than is actually rccjuired 
for th(*ir maintenance, ^^’hen, on the other hand, a leaf-eating species 
multiplies so rapidly that it outstrips environmental resistance, then it 
rnav attain tremendous numbers and .so create a menace. The re.sultant 
defoliation will seriou.sly injure or even kill the trees attacked. 


DEFOLIATION 


Sometimes outbreaks of defoliators arise with amazing suddenness. 
I'or in^lance. epidemics of the spruce biidworm. Choristoncura fumiferana, 
the larch sawfly. Prislipliorn erichsonii, the forest tent caterpillar, Mala- 
coifomu d/s.s/rfo, and pine sawflies, Xcodiprion sp. have appeared to erupt 
over wide areas in the same year. Actually, in most instances, the insect 
numbers had been building up unnoticed over several seasons. Failure 
to observe increasing injury caused by growing numbers of insects pro¬ 
duces the impres.sion that the outbreak has developed from one season to 
the next. 

Failure to observe defoliation is not surprising because in moderate 
amounts it is inconspicuous. If evenly distributed over the crown of a 
tree, defoliation would have to be from 50 to 75 per cent before the tree 
would appear abnormal. Even the concentrated defoliation of gregarious 
leaf eaters escapes the attention of the casual observer until the injury is 
severe. 


The only way to be prepared to control defoliator epidemics is to 
anticipate them at least a season in advance. This can be done by 
annual observations on the status of potentially dangerous pests. If 
these observations are made correctly, they will sound a warning of 
approaching danger before they begin to record the first evidences of 
actual injury. They will reveal disturbances in the biotic balance favor¬ 
ing the increase of defoliators. They will also record any rare flights 
from localities which hold potentialities of danger into areas where highly 
favorable conditions prevail. 
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Effects of Defoliation. Defoliation injures trees by reducing photo¬ 
synthesis, by interfering with transpiration, and by interfering willi the 
processes of translocation of food witliin the tree. A combination (d 
these efTects is reflected in the rate of growth. Defoliation has such a 
profound effect upon growth that it is pos.sible to trace the history of 
past outbreaks of leaf-eating insects by studying the annual rings of the 
surviving trees. Sttidies of the effect of spruce-budworin defoliation upon 
the growth of balsam fir and spruce, made by Craighead (1924), and later 
verified by numerous workers, have proved that growth, taking the tree 
as a whole, is reduced the first year of very heavy defoliation, (irowth 
at the top of the tree is usually very much reduced, but at the base it 
either appears to be approximately normal or is greater than in the years 
immediately preceding defoliation. The first year of l^eavy defoliation. 


* 

I 


Fig. 34. Increment core from a pondorosa pine illustrating the effect of defoliation on tlio 
width of the annual rings at the base of the tree. The wide ring nuirked x was laid down 
during the first year of bcvorc defoliation. This ring was followe<i by u somewhat narrower 
ring, and that by a series of very narrow rings. Ueoovery was slow, increasing growth rate 
paralleling the replacement of'foliage in the crown. {Bureau o/ Entomotoou and Plant 
Quaraniine.) 

therefore, is indicated by a relatively wide basal ring, combined with a 
narrowing of the same ring at the top of the tree. After the first year of 
defoliation, the rings at the base, like the corresponding ring.s at the top, 
become successively smaller and smaller, until they are often so narrow 
that the individual rings cannot be distinguished without the aid of a 
magnifier. In some cases, under conditions of very severe defoliation, 
there may be no wood produced for a season or more, in which case 
rings may be entirely absent. In other instances, wood may be laid 
down in certain parts of a tree and not in others. This results in the 
production of incomplete rings. Great care must, therefore, be exercised 
in assigning a definite year to a specific ring during periods of defoliation. 
If a tree survives defoliation, recovery is always gradual. As the foliage 
is gradually replaced from year to year, the width of the rings increases in 
similar proportion, until a normal rate of growth has been attained. 

All species of trees are not equally susceptible to injury from defoli¬ 
ation. Hardwoods are relatively resistant and will successfully with- 
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‘itanil tlirco or inort' vi'ais ot dotoliatioii, 1 lii-s is duo to thoir lolativoly 
laiiic Mipi)lv ot ston'd food and tlicir aliility to replace the destroyed 
tolia‘n' iinm(‘diat('lv t'ollo\vin« defoliation. Correspondingly great resist- 
anee to injury from deloliatioti is al^o characteristic of deciduous conifers, 

as exenjplified by the larch. Ever¬ 
green conifers, such as balsam fir or 
spruce, are more easily killed; for 
instance, white spruce, hemlock, 
an<I probably many others will die 
as a result of a single complete 
defoliation. More than three suc- 
ce.'^sive years of complete defolia¬ 
tion are likelv to be fatal even to 

to 

broad-leaved trees. 

Itesistance to defoliation injury 
varies not only with the species but 
also with dilTerent individuals of 
the same specie.s. Dominant trees 
an<l those growing in the open with¬ 
out comj)elition are less affected by 
defoliation than are those growing 
under less favorable conditions. 
These trees that dominate their 
location have larger reserves of 
stored food than those growing in 
an inferior position. Therefore, 
tlie former can promptly and suc¬ 
cessfully replace lost foliage. If 
defoliation continues after the ex¬ 
haustion of stored food, a tree is 
sure to die. 

The first parts of a tree to die 
as a result of loss of foliage are the 
extremitic.s—the twigs and small 
roots. Craighead (1924) has shown that, when the roots of balsam fir 
have been severely injured, the tree is almost certain to die. Evidence 
has more recently l)een observed to show that both jack pine and hemlock 
.s\iffer similarly. 

Trees that have been reduced in vitality by defoliation are much more 
susceptible to the attack of bark beetles or borers. Frequently, trees 
that might survive defoliation are killed by insects of this type; for 
instance, stands of ponderosa pine that have been defoliated by the 



Ftg. 3.). A foro'^t of maple n I most com- 
pli'Jcl.N (lofolinted by ttio maple loaf run or, 
Pifrftclf fnvmio oct fi/alUllii. Thii< insert is a 
leaf miner, living witliin the leaf in tlic curly 
St aces uimI as a cnsehcarer clurinc the later 
^tace^. Defoliation of this sort is almost 
alwtiys confined to pure btaruls, (C. B. 
Slu u'son,) 
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Fio. 30. Types of defoliation. A, Birch leaves skeletonized by tho birch leaf skeletonizcr, 
liucculatrix canadensisdla. B. Blotch and serpentine mines in an oak leaf. C. Loaves 
cliowed by the larvae of the mourning-cloak butterfly, Nymphalia anliopa, 

pandora moth or the pine butterfly are frecjuently killed by bark beetles 
during the years following defoliation. 

Types of Insect Defoliators. Generally speaking, defoliating insects 
may be separated into three groups, according to their habits. Some 
species, called leaf miners, feed upon the succulent interior leaf tissues 
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wl.iU’ tuiinrlinir l.ctuvcn the upper and tlie lower cutirula. Others eat 
all ihe leaf exeept llie vascular portions, thus skeletonizing the leal. 
'I'liese are appropriately called skeletonizers. Insects of the third group 
„viy be called the leaf chewors. for they eut all the leaf ti.ssuos. Some 
defoliators are miners during a part of their developmental period and 
skeletonizers at a later time. Others may be skeletonizers during their 
early stages and chewors during later stages. Hut there are many species 
that belong to only one of the.se three classes. Regardless of the manner 
of their work, all the defoliators have es.sentially the same effect upon 
the life processes of tlie tree. The severity of the injury is directly pro¬ 
portional to the amount of chlorophyll-bearing tissues destroyed. 

The most important tree-defoliating species are members of three 
orders—the llymenoptera. the Coleoptera. or the Lepidoptera—although 



a few members of other orders also feed upon the leaves of trees (Diptera 
and Oiihoptera). Space will not permit even a brief discussion of all the 
destructive defoliators. In fact, merely to mention all of them would 
till a volume, 'rherefore. only a few typical examples of the different 
groups will be discussed here. The species chosen for discussion will 
serve to illustrate the most .serious types of injury and the ways in which 
the forester may tackle defoliator problems. 

LEPIDOPTEROUS LEAF EATERS 

Of all the orders of insects the Lepidoptera is the one that contains 
by far the greatest number of leaf-eating insects. The members of this 
order are, on the whole, distinctly phytophagous, and the majority are 
defoliators. 

Spruce Budworm. One of the outstanding defoliators of fir and spruce 
in our northern forests is the spruce budworm, Choristoneura fumiferana. 
This is a native insect, distributed throughout the range of its host trees. 
For years it may remain innocuous, a rare and inconspicuous resident of 
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tlie forest, but when coiulilions are rij^lit, it inultlpli(‘s prolifieally anti is 
(}uickly transformed into a powerful forest devastator. Tlie various fac¬ 
tors that cause prolific multiplication to outlucak proportions liave 
already been described in Chaps. \' and VI. 

The life history of the spruce budworm exhil)its a number of interesting; 
features. The eggs are deposited during late summer in elongate clusters 
on the needles of the host trees. 'Phese clusters aie green in color and 
contain from 10 to 30 or more flattened (‘ggs. overlapping one anothei- 



Fic. 38. Life lii.story stages of the spruce budworm. Observe ttio ificonspicuou.s egg mass 
on the fir needle near the left edge of the picture. (Bureau of Enlvmvloau Plant 
Quara tUine.) 


like shingles. The young larvae that soon hatch from these eggs seek 
suitable places of concealment on the tree, spin a light covering of silk 
about themselves, and go into hibernation. The silken hibernating cases 
are called hibernacula. In the spring about the time that the buds of 
fir are expanding, the larvae emerge from hibernation and begin to feed. 
At first they mine the old needles or, in the case of the black spruce, the 
unopened buds. If staminate flowers are available, the young larvae pre¬ 
fer them to other food. Later the larvae are leaf chewers, eating the 
foliage of the current year. As they work, they web the needles together 
to form a crude shelter. The larvae develop rapidly and, under favor¬ 
able conditions, are full grown in the course of 3 weeks. 
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Dunn- the hrst insturs, tl»e larvae are a pale-yellowish green with black 
heads and tlioraeie shields. Later, they become much darker until the 
-eneral color is brown with black markings. They then transform to 
Uie pupal stage on the trees. Xo cocoon is spun; instead the pupal stage 
IS iKiSseil within the wol> spun about the tip by the larva while feeding. 
The adult moths emerge in July and early August and soon therealter 
n,ate and deposit their eggs. The motlis have a wingspread of nearly 

*, ineh ami vary in color from gray to copper. 

Two forms of this insect are found: one on the true firs. Douglas fir, 
and spruce, the other on pines. Those living on spruce or fir are grayish, 
whereas those reared on pine tend toward the copper shades. These two 
forms are distinct biologically and possildy genetically (Graham. 1935; 
Ilalch. 1930). Kor example, although the larvae may develop to maturity 
when transferred from pine to fir and spruce, or vice versa, there is a 
strong temlency for tiie adult moth to o\'iposit on the host species upon 
which it developed. Tliere is, therefore, little movement from one host 
group to the other. Pine stands adjacent to outbreaks on fir and spruce 
renmin virtually untouched; likewise fir and spruce stands adjacent to 
outbreaks on pine are uninjured. Therefore, for practical purposes, the 
two forms may be treated as if they were different species, and in the 
following disettssion they will be considered separately. In the West. 
Douglas fir is a favored host of the spruce budworm, and repeated out¬ 
breaks have occurred in pure stands of that tree. Most of those out¬ 
breaks have been in the Rocky Mountains where the budworm was active 
in 1937 and again in 1949. The fast-growing coast-type Douglas fir has 
been less susceptible to injury than the inland form; nevertheless, in 1949 
outbreaks did occur in we.stern Oregon. Little information is available 
concerning the ecology of the budworm in the West. Nevertheless one 
point seems clear. In coast-type Douglas fir (Mather, 1932) and to a 
lesser degree in the fir of the Rocky Alountains, the young shoots con¬ 
tinue to elongate for several weeks following the completion of larval 
budworm development. Thus, after injury is completed for the season, 
new leaves are produced on these elongating shoots. For this reason 
Douglas fir appears to be less affected by budworm defoliation than the 


eastern firs and spruces. 

In the Northeast, forest entomologists have studied the spruce bud¬ 
worm intensively, and recommendations for its control by silvicultural 
methods can be made with reasonable confidence (Graham and Orr, 
1940). If in eastern Canada or the northeastern part of the United 
States the host trees of the budworm were to grow in pure stands, it is 
probable that the budworm would never become epidemic on any species 
other than balsam fir. This association of budworm with balsam fir is 
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tho result of close synchronization of budworni iial)its witli tlie phenology 
of its favored host. The emergence of the overwintering larvae is sj'ii- 
chronized w'ith the expansion of balsam-fir buds, The balsam, then, 
provides suitable food at tlie right times, whereas the later developing 
black and red spruce furnish less food of poorer quality. In them, the 
larva must mine the needles or unopened buds until fresh expanding 
shoots are available. White spruce, like balsam fir, is synchronized 
well W'ith emergence of the larvae, but the needles liarden cpiickly 
and, therefore, become unde.sirablc food before the budworm completes 
development. 

This close connection between budworm activities and balsam fir is 
reflected in the effects of an outbreak on a mixed forest. 

Table Xdl shows that in outbreaks in Canada the balsam fir died 
within 4 years after defoliation became excessively .severe, whereas red 
spruce died much later. This situation reflects the fact that defoliation 
on spruce is not so severe as on bal.sam fir, and also that the spruce con¬ 
tinues to die from .secondarv effects after the outbreak ends. The.se 


Table VII. Tree .Mortality from a Bcdworm Oi-jhreak 


Years after 
excessive 
ilofoliation 

1 

Percentage dying each year 

1 

r 

Red spruce 

Balsam fir 

1 

0 

9 

2 

0 

32 

3 

0 

29 

4 

0 

IS 

5 

0 

0 

6 

8 

' 0 

7 

12 

0 

8 

' 15 

0 

9 

25 

0 

10 

10 ■ 

0 

Total. 

70 1 

88 


data are the result of studies by a number of Canadian workers in New 
Brunswick and Quebec, and indicate what may be expected from a very 
severe outbreak in a mixed stand of balsam fir and red spruce. 

Young vigorous stands of balsam fir are almost never severely damaged 
by budworms. This is, in part, due to the vigor of the trees but may 
also be due to the less favorable conditions for the budworms in young 
stands. One of the probable conditions’ influencing the susceptibility of 
different ages is the presence or absence of staminate flowers. Bess and 




202 


FOKKST ESTOMOLOGY 


..thors have observed that early-stuge larvae are larger than usual when 
tl.ev feed on pollen-bearing buds. These floxvers are most abundant on 
overmature dominant trees and those that are growing under unfavor¬ 
able conditions. In contrast, they are least numerous on vigorous fast¬ 
growing individuals. Undoubtedly, outbreaks of the spruce budworm 
occur most fro(,ucntly in stands that contain a large proportion of stamen¬ 
bearing trees. . . , , i j 

The control of the budworm by silviculture is based upon a knowledge 

of its life history and the correlation of its habits with the phenological 
and other cliaractoristics of the host trees. The principles involved were 
covered in Chap. XIII and need not be repeated. If we know the con¬ 
ditions that are conducive to outbreaks and those that are not, we can 
adopt tho.se practices that will avoid dangerous conditions and encourage 

safe ones. 

COM.ITIONS F.UORVnLE .AND UnF.WOR.^BLE FOR SPRCCE BcDWORM OUTBREAKS 


Vomtncivr to Onlhrraks 

1. Slow-growiiiR or inutiirc st.'iiuls of pure 
balsam fir 

2. .Mature or nearly mature stands of 
mixed fir and spniee 

S. .Mature balsam fir mixed with smaller 
spruee. Tlic liipher the percentage of 
balsam, the greater the hazard 

4. Dominant tir, predominant in number, 
mixe<l with hardwoods, with or without 
spruce 

5. Large contiguous areas of any of above 
especially conducive to outbreaks 


\’ol Conrliich't to Outbreaks 

1. Thrifty sapling and seedling stands of 
pure balsam fir 

2. Thrifty sapling or small-pole stands of 
mixed fir and spruce 

3. Fir mixed with spruce and overtopping 
hardwoods 

4. Dominant fir, subsidiary in number, 
mixed with spruce and hardwoods 

5. Areas containing balsam broken into 
small units so arranged that those in 
the same age classes arc separated from 

nnp 5innthf>r 


From an examination of this summary the following practices db- 
cussed in Chap. XIII suggest themselves: 

1. Logging operations on small scattered units of not more than 40 

acres. 

2. Favoring spruce over balsam fir and encouraging mixture with 
intolerant hardwoods by summer logging or scarification. 

3. Marketing balsam fir as soon as it reaches commercial maturity and 
spruce on a longer rotation. 

4. Planting spruce following logging where natural regeneration of that 
species fails. 

Eradication of balsam fir to control budworm has frequently been 
suggested. Even though this undertaking could be accomplished, it 
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would be an economically unsound procedure. Balsam fir is a valuable 
tree that can be grown on u short rotation. It almost always finds a 
readj’^ market. It reproduces well and grows rapidly. Theret’ore, efforts 
should be directed toward its continued production in reasonable quanti¬ 
ties, but under conditions that are not conducive to outbreaks. 

The life history of tlie pine form of the spruce l)udworm is identical 
with that of the fir-spruce form. b\it it seems to be more dependent 
upon pollen for rapid increase. Only on Scotch pine do outbreaks build 
up without the presence of pollen-producing trees. An abundance of 
staminate flowers frequently occurs on overmature, round-topped trees 
(Graham, 1935), on scattered orchard-type trees, or on sup))re.s.sed tree.s. 
This is because the carbon-mineral ratio is especially favorable for flower 
production, especially following drj' .seasons. Thrifty full)' stocked 
stands seldom produce many staminate flowers. 

Silvicultural control of the budworm, therefore, calls for the following 
practices: 

1. Growing hard pines in fully stocked stands or groups. 

2. Eliminating large-crowned “wolf” trees. 

3. Utilizing the trees before they become overmature. 

4. Encouraging species suited to the site. 

Control of the spruce budworm by silvi<mltural practices is certainly 
the most desirable solution of the budworm problem. Nevertheless, 
there may be times when these preventive practices have not been 
applied and serious infestations develop in valuable timber. Then it 
may be necessary to resort to insecticides, as described in Chap. IX. 
In controlling the budworm by chemicals, the materials must be applied 
after the larvae cease to mine the needles or buds, but before they pupate. 

Gypsy Moth. The gypsy moth, Porthetria dispar, is one of the many 
destructive insect pests that has come to America from foreign lands. 
It was accidentally introduced at Medford, Mass., in 1869, and since 
that time has spread into all the New England states. It is particularly 
injurious to broad-leaved trees, although pines in mixture with hard¬ 
woods are by no means immune. 

The eggs are laid during July in clusters of 400 or more. Since the 
heavy-bodied female moth is unable to fly, the eggs are usually deposited 
on or near the cocoon. The eggs hatch the following spring. The larvae 
feed in the first stage upon the foliage of susceptible trees such as oak, 
basswood, and aspens; later they may also feed upon chestnut, hemlock, 
pine, and spruce. If the infestation is severe, the trees may be com¬ 
pletely defoliated by the end of June. When full grown, the larvae 
pupate, either on the tree or in other convenient places, and after a pupal 
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period of about 10 (lavs, tlie adults emorgo. The male moth i.s brown m 
color, whereas the female is white with black markings. Tnlike the 

fianale, the male is a good flier. 

Vt lir>t, it ruijilit tliat u species wliosc adult females \ncic unable 

lo fly would have little chance of spreading from one locality to another 
and would. conse<iuently, be eonhned to a restricted area and there very 
easily he controlled. Unfortunately this has not proved to be the case. 
One of the important means of distribution for tlie gypsy moth is wind. 
The lirsl-stage larvae are clothed with long hairs which greatly increase 
the surface area of tlie body in proportion to its weight. Tlie larvae at 
this stage are .so liglit that they can be carried long distances by air 
currents. How far they can be blown in this way can only be a matter 
of conjecture, but it is known that they have been carried for a distance 
of more than 20 miles. Otlier means of dispersal are of a more or less 
accidental character; for example, egg mas.scs or larvae may be carried 
on persons or veliicles lca\'ing the infested area. 

The etfect of climatic factors upon the gypsy moth is of great impor¬ 
tance both directly and indirectly. A temperature of -20®!'. is suf 
ficient to kill tlie overwintering eggs and, as a result, in severe winters 
only those eggs that are beneath the snow line, or in other protected 
locations, survive. This, of course, has an important effect upon the 
abundance of the species during the following season. Cool, moist con¬ 
ditions followed by warm weather during early June are ftivorable to the 
development of the wilt disease which is an important natural check of 


this moth. 

Parasites and predators of the g^’psy moth have been introduced into 
the infested area, as described in Chap. XII. They have brought about 
a condition .similar to that which obtains in the native home of the pest 
w here the parasites help to prevent outbreaks but do not, by any means, 
prevent them altogether. 

Becau.se of the differences in susceptibility of various tree species, the 
regulation of forest compo.sition by the application of silvicultural princi- 
ple.s promises to be a most effective method of protecting forests from 
the gypsy moth (Behre, Cline, and Baker, 1936). By eliminating the 
most susceptible species, a forest may be made comparatively safe. 
Much further w^ork along this line is necessary before completely satis¬ 
factory methods can be developed. 

Unfortunately, many forest lands in New England are especially suited 
to oak, the favored food of the gypsy moth. Such lands cannot always 
be converted to other forest types. Studies in these oak types have 
shown that all of them are not equally subject to injury. On abused 
w’oodlands that have been repeatedly burned, heavily grazed, or trampled, 
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and on areas where the stands are poorly storked, outbreaks arc frec|uent. 
On areas where desirable forest praetires liave resulted in ^<^><1 stoekinj;, 
normal distribution of age classes, and the development of a ground cover 
of young trees, outbreaks seldom occur. On the lands where good forest 
practices have been applied, the predatory and parasitic insects are also 
far more elTective than in the abu.sed types (Bess, 1947). 

When outbreaks occur in valuable timber, they can easily be sup¬ 
pressed by aerial spraying. This method lias almost sujiplanted llie 
high-powered ground sprayers except for use on ornamental trees. Both 
DDT and lead arsenate have been succe.ssfullv used. The mechanical 
device of banding has also proved u.seful in controlling this pest. 

Cankerworms. Two species of measuring woims, known as the fall 
cankerworm, Ahophila pomrtaria, and the spring cankerworm, Palcacriia 
vernftta, become periodically epidemic throughout the greater part of 
the eastern hardwood-forest region as far south as the Carolinas and 
Tennessee and in California. These species are similar in appearance, 
and frequently the larvae work together in mixed populations on the 
same trees. The favorite host trees are elms and ba.sswood, although a 
wide variety of other hardwood species are also attacked. The larvae 
are measuring worms or loopers, so called because of their method of 
locomotion, which is in a series of loops. 

The eggs of the fall cankerworm are laid late in the autumn, usually 
after freezing weather has occurred, whereas the spring species oviposits 
very early in the spring. The female moths of both species arc gray in 
color, less than inch in length, and wingless. They crawl up the trees 
from the ground, where they have pupated, to oviposit in the treetops. 
The larvae of both hatch in the spring and feed upon the expanding 
foliage. Four to 5 weeks are required to complete the larval feeding 
period. When full grown, the larvae drop to the ground and transform 
to the pupal stage. The fall species .spins a tough silken cocoon about 
itself before pupating, but the spring species passes through the pupal 
period without this protective covering. 

These insects have been little studied as forest pests; therefore, no con¬ 
trol measures have been developed that are applicable under forest con¬ 
ditions. On ornamental trees, either banding with sticky bands to 
prevent the wingless females from climbing into the tree tops for ovi- 
position, or spraying with DDT or arsenicals is a satisfactory control 
measure. Under natural conditions, these species are held in check by 
parasites and predators, birds being probably the most important single 
factor. Certain weather conditions, such as cold, wet weather shortly 
after the larvae have hatched from the eggs, and damp weather followed 
by high temperature, are unfavorable. 
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Other Lepidopterous Defoliators. Although space will not permit 
(-(ni.-iiUTatitm ol all tlie species of Lopuloptera that may seriously 
injiu(' forest trees, there are a number that should be discussed briefly. 
.\ny of them can be eontrollerl by the aerial spraying methods discussed 
in (’hap- 111 Silvieultoral control of most of them has not been spe- 
citii-ally investigated, but the principles discussed in Chap. XII will doubt¬ 
less apply to them when more is known of their specific recjuircments. 

One lepidopterous debjliator that is widely distributed and greatly 
injui'ious is the ht'inloek looper. JiscrUaria, and the uestein 

form. /-. (isnllarid hajuhro.sa (Hopping. 193-1). In both the East and 
the W e>t s('\'ere oulbreak.s have oeeui'red in forests that are predomi¬ 
nantly la'inloek. destroying many liundred million board feet of mature 
timber. .Mthougli hemlock is the favored food, when the in-sect becomes 
epidemic it feeds upon a great variety of other conifers in mixture with 
heiidock. Opidemies may lx* (‘xpeeted only in forests containing at least 
.')() jM'r (‘(Mil iKMuloek in a dominant or codominant position. When the 
loop<‘r att.iins outbreak proportions in a locality, it may then defoliate 
hemlo«-k mixed with other trees in smaller proportions. 

Ib'mioeks and spruces are especially sen.sitive to defoliation; a single 
year of complete defoliation will kill either of them. For thi.s reason 
foresters should watch carefully for any increase of the hemlock looper 
in order to be prepared for application of direct control if it is required. 

'Fhe moths fly in late September and October and are the mo.st con¬ 
spicuous .stage of the insect. The frail, angular, winged moths are 
attracted to lights at night and may be ob.servcd even between out- 
l>reaks. These adults have a wingspread of about O 2 inches. They 
are bull in color with two wavy. dark, cross lines on each front wing 
and a single line aero.ss each hind wing. Any increase in the population 
will be indicated by annual counts made during warm evenings at lighted 
windows near hemlock forests. 

The eggs, laid in tl»e late autumn, hatch the following spring; the 
larvae feed on the hemlocks during the summer. Since the larvae are 
scattered thro\ighout the tree crowns, their work is not conspicuous until 
they reach epidemic proportions. Then their activities cause the trees 
to turn brown in midsummer. The full-grown larvae drop to the ground 
in late summer. They pupate in the litter without spinning a cocoon. 

The Douglas-fir tu.'^sock moth, Hcmcrocampa pseudotsugata, is a destruc¬ 
tive defoliator of Douglas fir and true fir in the northern Rocky Moun¬ 
tains. Since 1918 when it was first discovered, it has periodically defoli¬ 
ated extensive areas. Outbreaks occur only in areas where Douglas fir 
or true fir predominates. An especially extensive infestation occurred in 
1946 and 1947 in Idaho and eastern Oregon, where it threatened to 
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destroy valuable timber on more than -400,000 acres. In 1017 DO' 

was applied from the air with outstan.ling suceess. ENetKioi. an.l Jos 

( J4/) estimated a saving from this operation of .S-4,280,000 in limbe 
at a cost of less than one-fifth that amount. 

Tlie moths are drah-colored, gray-bulT insects with a bodv length ol 
inch or less. 7'he males are winged, the females are smaller am: 




as are otl.e'^r 

th.ch the female emerged, and pass the winter without hatching. The 

aryae feed through June and July, spinning tlieir cocoons in early August 
and emerging as adults late in that month. ^ ^ 

crim "‘"‘'■"Sly "'“■•ked insects with red spots and tufts of 

cream-colored hair on the dorsum, two horn-like pencils of hair behind 

The Sid ’ ' t black pencils near the posterior end. 

The sides are marked with somewhat broken, narrow, orange stripes. 

1 S species of tussock moths are injurious in various 

ocahties. Most of them feed on broad-leaved trees, but several eat the 
leaves of conifers. The white-marked tussock moth, llemerocampa len- 
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1 Hi. Ui Larvae of the fir tus^^ock moth. Iltmirocampn osleri. (Bureau of 


EtUomoloOU 



Fig. 41. Egg inasjscs of the fir tussock moth deposited on the cocoons from which the mng* 
Ics.*^ females had emerged. (5urcou of ErUornolooy and Plant Quarantine^) 
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costigma (Houser, 1918), feeding mostly on hardwoods, is tlic best-known 
species of tussock moth in the East. The pine tussock inotli, Ohne 
plagiata, is an injurious forest pest throughout the Xorlheastern states, 
feeding upon all species of two- and three-leaved pines. 

Other lepidopterous defoliators that should also be mentioned are 
(1) the pine tube moth, Argijrohuuia pinaluhana, a widely distributed 
species that attacks white pine in the East (Craighead, lO.jO) and lodge- 
pole pine in the West; (2) the lodgepole needle miner, Heenrvaria milh-ri 


(Yuill, 19-42; Patterson, 1921); (3) the 
larch casebearer, Coleophora lariceUa, 
an introduced species that is spread¬ 
ing westward; (4) the fore.st tent 
c.iterpillar, ^^ahcosoma disslria, a 
serious pest of aspen, oak, sugar 
maple, and other hardwood trees 
(Ilodson, 1941); (5) the pine butter¬ 
fly, Ncophasia menapia, an occa¬ 
sional defoliator of we.stern white pine 
(Evenden, 1940); (6) the pandora 
moth, Cohradia pandora, a motli with 
a 2-year life cycle that periodically 
defoliates ponderosa pine (Wygant, 
1941). References to still other spe¬ 
cies will be found in the bibliography. 

COLEOPTEROUS LEAF EATERS 

The leaf-eating insects that belong 
to the order Coleoptera are almost all 
members of a single family, the 
Chrysomelidae, although the mem¬ 
bers of the genus Phyllophaga (Lach- 
nosterna) and several other genera of 
the family Scarabaeidae are defolia¬ 
tors in the adult stage. The Japanese 
beetle, Popillia japonica, is an intro¬ 



Fiq. 42« Egg masses of the Great Basin 
tent caterpillar, Malacosoma /raoUU, 
These masses are similar in appearance 
to those of the American tent caterpillar 
in that they arc tapered toward the ends. 
Those of the forest tent caterpillar arc 
cut off more abruptly and appear as 
rings around the twigs. 


duced pest that defoliates trees in the 
beetle stage; also Pachystethus oblivia, commonly called the anomala 
beetle, seriously defoliates jack pine in the Lake states; and various 
species of May beetles also are scarabaeid defoliators. The larvae are 
all root eaters and will be treated in a later chapter. 

Leaf Beetles. The leaf beetles are capable of causing severe defoli¬ 
ation, and at times their work is conspicuous. As forest pests, however, 
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I -}:t. A<lults (.f till- Groat Hasin tont oiiterpilliir. .\f(tlarosomn /ragilis. a serious defoli- 
iiir.r (if and o«)uT l.road-lcavod .^pc« io>. As with other toot oaterpillars. the male is 

Miiallor than the fomalo and possc.^soM feathcr-like antennae. (Bnr»;«u of Etilomologu nn<l 
Qotirtutiine.) 



Ku;. 44. Lnilgcpoh* needle miner, Rccurtaria millcri. (Bureau of ErUomdooy and Plant 
QuarfitU\uc,) 

they aro far le.ss injvirious as a group than are the Lepidoptera. There¬ 
fore, they will be considered only briefly. 

The elm leaf beetle. GalcrnccUa xanthomelaena, has attracted more 
attention than anj' other leaf beetle. It is an introduced pest that first 
appeared in Baltimore, Md., about 1834. Since then it has spread 
throughout the United States, reaching almost every area, where elms 
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arc grown. Occasionally pure stands of elm are attacked .severely, but 
for the most part tlie elm leaf beetle is an ornamental-tree pest. Many 
municipalities arc compelled to spray their trees regularly in order to 
control this beetle. 

Like mo.st chry.somelids. the elm leaf beetle passes the winter as an 
adult, emerging from hibernation in the spring to feed upon and to 
oviposit on elm foliage. The yellow eggs are laid in groups on tiio 



Fig. 45. Life stages of the hemlock looper and the type of defoliution characteristic of this 
insect's feediug. {Bureau of Euiomology and Plant QuaratUim:.) 

underside of the leaves. The larvae are flattened dark grubs with well- 
developed legs. Working gregariously, they first skeletonize and later 
chew holes in the leaves. /Uter completing their development in 2 or 
3 weeks, the larvae drop to the ground where thej' pupate, unprotected 
by cocoons. In this stage they are very vulnerable to small mammalian 
predators. In a week or 10 days the adults emerge to repeat the life 
cycle, several times during a season in the South, but only once in the 
North. 
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■r|„. loaf bootlo, Ch-.jsomria sor/pta. defoliates any species 

of poplar or willow and at times liccoinos excessively niimeroiis. 1 lie 
,.r,.aicv| ilamaee from lids insect is to basket-willow plantations, where 
, 1 ,. foliation scriouslv alfcels the growth of willow wands. The life history 
is similar to that of the elm leaf beetle. This beetle i.s widely distributed 



1 Hi. nv. Hcnilot k loopcr larva in the |)Ositit>n cliaravtoris.tic of the faniilv 
Ertlomoloou <i>id Flaul Qmiranlinc.' 


{Bureau of 


in North Amoricu wherever it.s liOJit trees grow. 
1)0 controlletl by the usual spraying praetices. 


When necessary, it can 


HYMENOPTEROUS LEAF EATERS 


By far the greater proportion of all the leaf-eating Hymenoptera belong 
to tiie family Tenthridinidae. The adults of this family are called saw- 
flies because of the saw-like ovipositor of the female. The larvae of mo.st 
species are very similar to caterpillars of the Lepidoptera and are called 
false caterpillars. Most of the common species may be distingui.shod 
from the true caterpillars by the presence of at least six pairs of prolegs 
on tlie abdomen. 

Tlie .sawfties attack both coniferous and broad-leaved trees. Some 
are leaf miners, some are skclctonizcrs, but the most important are leaf 


chewers. From the economic viewpoint, those that attack conifers are 
of paramount interest. Many of the larvae are similar in appearance, 
hut some arc far more injurious than others. Foresters are often puzzled 
about the identity of the sawfly larvae observed in the field. In order 
to help them in recognizing the harmful species, Tables VIII and IX 
have been prepared. The distinctive characteristics presented therein 
apply to the larger larvae. In many instances, the distinctive markings 
do not appear until the larvae reach the third or fourth instars; there¬ 
fore, the smaller sizes are not always easy to recognize, neither are they 
likely to be observed. The descriptions apply to those stages that arc 
most conspicuous. 
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Table VIII. 


Recognition ok Sawflv I.auvak on 


CoNIFEIiS OtHFII TUAN 


Fink 


Species 

1 Host 

l-arvjil 

1 season 

1 

1 • _ _ 

Distinctive clianicteristics 

1 

1 

European spruce sawfly, Di¬ 
prion (Gilpinia) liercyniae 

S]>rucos 

May - Sept. 

1 

Dark *'rcen with five while 
liiu*.s. Lin(‘s (lisai^iiear in 
last iiistar. Solitary 

Balsam-fir sawfly, Neodiprion 
abietis 

T'* 

r ir 

4 

1 

t Juiie-.Vuu- 

1 

Head black. Bodv dull 
; green, lighter hemaitli. Six 
longitudinal dark stripes 

Spruce sawfly, Ncodiprion sp. 

Spruces 

j June-.\u;f.' Same iipi)c:ir:iiicc as .V. abielia 

Larch sawfiy, Frisliphoru erivh- 
sonii 

I..arch 

June-July 

Head black, liody grayish- 
green. darkiT above. .No 
si ripes 

Two-lined larcli sawfly, 1‘Uttij- 
campua laricis 

Western 

larch 

1 

1 

June-vViig. 

Body brownish-green with 
two narrow dark-green 
stripc.s on the sides 

Westoni-larch sawfly, Plaly- 
campus Inricivorus 

\\’estern 

lurch 

•lune-AuK. 

Body brownish-green with 
single dorsal green stripe 

Yellow-headed spruce sawfly, 
Pikonema alaskensis 

Black 

spruce 

preferred 

.June-July 

Yellow liead. Body dark 
yellowish-green above, 

lighter beneath, marked 
with gray-green stripes 

Green-headed spruce sawfly, 
Pikonema dimmockii 

Spruce 

June-July 

Head and body green 

Eastern cedar sawfly, Monoc- 
tenus milliceps 

Cedar and 
juniper 

June-July 

Head light brown with black 
eye spots. Body dull green 
with three longitmlinal dark 
stripes 

Western-hemlock sawfly, Neo- 
diprio7i tsugae 

Western 

hemlock 

July-Aug. 

Green, about 1 inch long. 
Cocoons spun either on 
needles or in litter on ground 


Larch Sawfly. One of the most serious defoliators of larch, in both 
Europe and America, is the larch sawfly, Pristiphora erichsonii. In 
America, this pest was first reported in the early eighties in New England, 
where it was responsible for much damage to the native larch. Since 
this early outbreak, the species has played a prominent part in defoli¬ 
ating larch throughout the range of eastern larch. 




















214 


forest ESTOMOLOGY 


I'.K-k.r.l an.i Felt as.st.mo that it is one of our unin^uted pests, and 

it was intrudueed into Ainoriea prior to 1880. 
other hantl, maintains that it is a native of America. The hrs histonca^ 
record of larch-sawfly injury in Michigan was in the year 1906, m 
Minnesota, it was during 1909. A study of the annual rings of living 
tamaracks, howeier, shows that reduction from defoliation has occurred 
from time to time throughout the life of the olde.st trees. In addition 
to the period of reduced growth around 1910 to 1918, there have been 
two other periorhs of heavy defoliation: one starting just previous to 1880 
and another older one about 1840. Other minor defoliations occurred 
between 1855 and 1800, one about 1870. and another in the late nineties. 
This evidence shows that a defoliator, probably the larch sawfiy, has 
repeatedly been epidemic on tamarack and supports the contention of 

Hopkins that the larch sawfly is native. 

The life cycle of the larch .sawfly i.s quite similar to that of many other 

sawfties. The eggs are deposited alternately in a double row of slits cut 
along one side of a rapidly expanding young shoot. When first deposited, 
they are translucent and very small. They soon swell, however, as a 
result of water adsorption until they protrude from the slit in which they 
are placed. The oviposition injury usually results in killing one side of 
the slioot. while the other side continues to grow. This type of injury 
causes shoots to twist, sometimes forming a complete loop. The num¬ 
ber of these twisted twigs can be used as an index of sawfly abundance. 

The eggs hatch in about a week and the larvae work gregariously, 
completely defoliating one branch before moving to another. Full 
growth is reached by midsummer, when the larvae drop to the ground 
and spin their tough, brown, oval cocoons in the moss or litter beneath 
the trees. The larvae remain in the prepupal stage within these cocoons 
until the following spring, at which time the majority of them transform 
to the pupal stage and emerge as adults. The remainder hold over in 
the prepupal stage until the second spring after cocooning, when they, 
too, transform to the adult stage. The adult sawfly is a handsome black 
insect somewhat over inch in length, with a bright-orange band about 


the base of the abdomen. 

The larch sawfly, being very sensitive to moisture conditions, is 
adversely affected at time of cocooning by either high or low water. 
Under drought conditions, the larvae burrow deeply into the accumu¬ 
lations of sphagnum beneath the trees, sometimes a foot or more beneath 
the surface. There they are certain to be drowned within their cocoons 
when the water rises to a normal level. Droughts during the summers 
of 1928 and 1929 resulted in the almost complete elimination of sawfly 
throughout the Lake states. Regulation of water level, where it can 
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Table IX. Hecoosition of Sawfly Larvae on Pine 


Species 

\ Hust 

> 

.Larval .seasor 

* 

1 iVO characteristics 

Red’hea<ic(i pine sawfly, Neodi- 
prion lt4ontei 

^ Hard 

1 

i pines 

‘ Ma>-Oct, 

Head ro<Mi>h-brown. Body yellowish 
with bix row.s of irre«rulur black spots 

Abbott's sawBy, Ntodiprion 
pinrtum 

j Eastern 
white 
pine 

' May-Ort. 

1 

1 Head black. Body yellow i>h-w hite with 
four rows of irregular black spoLs 

1 

Loblolly pine suwfiy, Neodipriori 
ameriMnum 

Loblolly 

pine 

M»y-June 

1 

j Head rcildish-brown with black eye spots. 
Body groenksh>white with dull longitudi¬ 
nal stru>e unci row of black spots on each 
side 

1 

Dyars sawfly, ATeorfiprion dyari 

Hard 

pines 

May-June 

1 

1 Head unej Icga black. Body yellowish* 
green with longitudinal dark stripe on 
each side and broken stripe or spots along 
spiracular line 

Jack^pine sawfly, Neodiprion 
bcnktionae 

Jack pine 

May-June 

Similar to above but not spotted 

Solitary pine sawfly, Diprion 
/ruietorum 

Re<l and 
Scotch 
])ine 

May-Sept. 

1 Head reddish*brow*n with black blotch. 
Body light green with narrow .strir>cs on 
each side of dark longitudinal stripe 

Browo*hcadcd jack^pine sawfly, 
A^eediprton dubio$us 

Jack pine 

May-July 

Head brown. Body greenish 

Swaino s pine sawfly. Neodiprion 
ivainii 

Jack pine 

May-July 

Head brown. Body faintly striped 

Pitch pine sawfly, Neodiprion 
pinae-riyidce 

Pitch pine 

May-Oct. 

Head reddish-brown. Body dull green 
with double longitudinal dorsal line and 
broken lateral line, below which a double 
row* of spots ntay occur 

Red pine sawfly. Neodiprion nan- 
ulu4 

Red pine 

May-June 

Head black until last instar then brown. 
Body dark above, light below. Three 
light'green stripes on the dorsum and 
dark stripe at base of legs 

Sertifer sawfly, Neodiprion eerii^ 
/er 

Red and 
Scotch 
pine 

May-June 

Hoad black. Body grayish-green with 
light dorsal stripe and dark lateral stripe 
bordered by narrow* lighter stripes 

Introduced pine sawfly, Dipricn 
simiit 

White 

pines 

Apr,-OcL 

Head black. Body yellow'ish-green with 
double dorsal stripe and sides mottled 
with yellow and black 

Lodgepole^pine sawfly, Neodi¬ 
prion bur kit 

Lodgepole 

pine 

June-Sept, 

Head brown with black eye spots. Body 
greonisb-gray with double dorsal stripe 
and heavy lateral stripe 

Montcrcy*pine sawfly, Ilycortia 
«P- 

Monterey 

pine 

Morob-Sept. 

Head block. Body green or brow*n. Web 
needles together as they feed 

Pine false wcbworm, Acanikolyda 
erythroeephala 

Red and 
white 
pines 

July-Aug. 

Head yellow dotted with brow'n. Body 
green with dorsal, ventral, and lateral 
stripes. Gregarious web spinner 

Nesting pine sawfly. Acanlholyda 
tappei 

Hard 

pines 

July-Aug. 

Head browm. Body green wdth darker 
dorsal stripe. Solitary. Wobs needles 
together 
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1„. accomplished practicably, oilers a means of control for the larch 

‘'pine Sawflies. Several species of .sawflie.s are injurious defoliators of 

pirns Some, .such as the jack-pine sawfly, .Xeodiprwii hanksiarme, attack 

whilft others, such 


as t\\e red-headed pine sawHy, Xeo- 
diprioii lecontei, attack the younger 
trec.s. 

Other pine sawflies are ponderosa 
pine sawfly, Neodiprion fulviceps; 
C'olorado pine sawfly. Neodiprion 
gilleUii; Western white-pine .sawfly, 
Neodipriou edwardsii; and pinyon 
pine sawfly, Neodiprion rohweri. 

\\\ the members of this group 
depo.‘iit their eggs in slits cut in the 
edge of living pine needles. Some 
species pass tlie winter in the egg 
stage with the young larvae hatch¬ 
ing out in the spring; others pass 
the winter in the prepupal stage 
within the cocoon. Most species 

have a divided emergence similar to that of the larch sawfly, that is, a 
part of the adults emerge in the fall or spring following cocooning, 
wliereas part of them remain in diapause or dormancy for a year or 
longer. This habit protects the species against such seasonal catastrophes 
as may arise directly or indirectly from adverse weather conditions. 

The jack-pine sawfly is a serious defoliator of jack pine. A species 
new to science in 1921, it has since then become periodically abundant, 
causing great damage in mature or nearly mature jack-pine stands in the 
Lake states. The adults appear in the autumn. The sexes are so differ¬ 
ent in appearance that they might easily be mistakenly identified as 
different species. The males are only about H inch in length, black in 
color, with feather-like antennae. The females are almost % inch in 
length, yellowish-brown in color, and the antennae are thread-like. 

The winter is passed in the egg stage in the jack-pine needles. Hatch¬ 
ing in May the larvae feed gregariously, completing their growth in from 
4 to 5 weeks. The cocoons are spun in the litter beneath the infested 
trees, where the larvae remain in the prepupal stage until late August 
or September. Then a part of them transform to pupae and later to 
adults, while the others remain in diapause until the following autumn. 

The causes for the increase of this insect since 1920 and the application 



Fiti. 47. LfxlBopolt-piue sawfly ntlults 
iiiui cKtfs. Thi- nmlos have feathery 
iiiitciiiiae iukI are stiialler than the 
fcinalr.«. {Bunau of Entomology and 
riant 
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of silvicultural control methods were discussed in Chaps. XII and XIIl. 
Insect parasites, although numerous, are unable to check outltreaks. 
Apparently the most important factors regulating the almndance of tlii.s 
sawfly are weather conditions. For example, during one season h(‘a\y 
rains washed many newly hatched larvae from the trees. During another 
season, cool moist weather followed by hot weather and an outbreak of a 
wilt-like disease checked a threatened outbreak. In still another season, 
an early spring followed by late frosts caused the death of manv larvae. 
Outbreaks of this sawfly are usually associated with warm diy weather 
in early May and Juite. Whenever these favorable conditiotis prevail 
during several seasons, outbreaks may be expected in localities where 
large areas of mature or nearly mature jack pine prevail. 

In contrast to the jack-pine sawfly that injures large trees, several pine 


sawflies concentrate upon trees In smaller-si/ce clas.ses. d'hese species 
usually disappear after the stand becomes closed. One of the most 
imjjortant is the red-headed pine sawfly, Xeodiprion leconici. This 
species has always been a common enemy of young pines, but since 1934 
it has become increasingly serious. The effects of extensive, even-aged 
plantations in bringing about this increase are discussed in Chap. XII. 

The adults of the overwintering generation of the red-headed pine 
sawfly begin to appear in May and continue to emerge through June. 
They deposit their eggs in slits cut in the edge of the needles, as do the 
other pine sawflies. The larvae feed gregariously, stripping one branch 
at a time until they reach full development in about o weeks. Then 
they drop to the ground and spin their cocoons. 

In the northern part of its range, the red-headed pine sawfly passes 
through a single generation per season, whereas in the South two or 
more are completed. According to Craighead (1950), many larvae that 
mature prior to July 15 are able to pupate and emerge during late summer 
and produce another generation. In contrast, those that develop after 
that time do not emerge until the following spring. Apparently some 
controlling force prevents the transformation to adults when lateness of 
season would endanger completion of their progeny’s development. 

The cocoons are spun in the litter beneath the trees and are similar in 
appearance to those of other sawflies. Within the cocoon, the prepupae 
pass the winter, transforming to pupae and then to adults the following 
spring. 


European Spruce Sawfly. The European spruce sawfly, Diprion {Gil- 
pina) hercyniae, was discovered near Ottawa, Ontario, in 1922 (Craighead. 
1950). Later in 1929 it was found in New Hampshire. How or when it 
reached this side of the Atlantic from its native home in Europe is not 
known (Balch, 1936, 1939). This sawfly has slowly spread westward, 
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being reported for the first time from Michigan and Minnesota in 

''serious outl)reaks have occurred in the Gasp6 Peninsula, New Bruns¬ 
wick. and in tlie northern Now England states. They were brought to 
an end 1)V a virus disease that appeared in New England in 1940 and 
spread tl.Voughout the entire area. During the initial epidemic in the 
(laspe IVninsula and in scattered localities in other parts of Quebec, the 
sawfiy killed more than one-half of the merchantable spruce. In most 

other localities, the damage wa.s less severe. 

Whether or not an outbreak of equal severity will occur at a later 

time no one can say. This outbreak may have been the result of the 
insect’s reaction to a new environment where it met greatly reduced 
environmental resistance. If that is the case, we may never have another 
serious outbreak of the pest. On the other hand, we know that this 
sawfiy causes injury from time to time in its native land. Therefore, 
wc may logically expect it to cause trouble from time to time in the 
future. A disastrous outbreak of the intensity of the Gasp6 epidemic 
would, however, be surprising, considering the fact that the insect will 
be subject to the controlling influence of the parasites that are now well 
established in America. Morris in New Brunswick and other workers in 
New England found that small mammals—especially mice, voles, and 
shrews—were active predators on the sawfly in the cocoon stage. These 
animals are most abundant in mixed and diversified forests and may be 
encouraged by silvicultural practices designed to maintain or produce 
these desirable conditions. 

The adult, of the European spruce sawfly is about inch in length, 
thick-waisted, and, like the other members of this family, provided with 
a saw-like ovipositor. In color it is black with yellow markings on the 
abdomen, thorax, and head. It is a parthenogenetic species, and males 
are seldom found. This, of course, adds materially to its potentialities 


for reproduction. 

According to Balch, the adult females emerge in the spring from the 
oval, brown cocoons that were spun by the larvae in the duff laj'er 
beneath the trees. They lay their eggs in slits cut in the needles with 
the ovipositor. The larvae that hatch from these eggs pass through six 
instars, during the first three of which they are a pale green in color. 
During the fourth and fifth instars, they become striped with five longi¬ 
tudinal white stripes that again disappear in the sixth and final instar. 

The eggs are laid in the old needles of all species of spruce. White 
spruce is especially favored. On hatching, the larvae feed on the old 
needles until the current year’s needles are mature, after which some 
feeding may occur on them. They are not gregarious like so many saw- 



LEM'-EATIXa lySECTS 


219 


flies, but feed singly, at first chewing notches in the needles and later 
consuming the entire needle. This feeding habit makes their injury 
inconspicuous until it has reached serious proportions. Their pi'csonce 
is indicated by a thin appearance of the foliage and the presence of frass 
dropped by the caterpillars under the treo.s. 

In the Gasp6 Peninsula only one generation occurs, but in parts of 
New England as many as three may be completed (Peirson, 1930). 
When full grown, the larvae drop to the ground and spin cocoons in the 
duff above the mineral soil. Some of the larvae may lie dormant within 
the cocoon for several years, but most of them will transform to pupae 
and adults the spring following cocooning. 

The defoliators discussed in this chapter serve onlj' to illustrate the 
characteristic types of injury caused by this group of insects. Many 
other species might have been used equally well. References to addi¬ 
tional species will be found in the bibliography. 



CHAPTER XV 
SAP-SUCKING INSECTS 


Ml iho inserts clisrussofi in the preceding sections feed upon the tissues 
„f trees hv ingesting the solid parts, and all of them have mandibulate 
inoulh [)arts. In addition to these cliewing insects, there is a large and 
impoitaiit group of insects that live upon sap. Their mouth parts are 
(»1 the sucking type in which the mandibles and maxillae have become 
slendei' bri.stle-like organs enclosed in a sheath, the labium. The mouth 
parts thus form a beak, used to pierce the tissues and suck the fluid 
tlK'refrorn. The sucking insects attacking trees belong to two orders: 


the nemii>tera and the Ilomoptera. 

The elTect of sucking insect.s upon trees is much less conspicuous than 
is the cfTect of defoliators. Trees are seldom killed directly by sucking 
inst'ct.s Init, nevertheless, they suffer distinctly injurious elTects. Because 
tlieir woi’k is not conspicuous, the sucking insects of forest trees have 
received comparatively little consideration. On orchard and ornamental 
trees, however, they are acknowledged to be exceedingly important 
enemies. As the intensity of forest management increases, the impor¬ 
tance of these insect.s will doubtIc.ss receive more consideration. Unques¬ 
tionably sucking insects do as much actual damage to forest trees as they 

do to orchard and ornamental trees. 

Sucking insects may injure plants in a number of ways: (1) directly, 
by sucking the sap, thus robbing the plant of a part of its supply of food 
anfl water and at the same time producing necrotic spots in the growing 
tissues, and (2) indirectly, by disseminating plant diseases. It has been 
demon.strated that certain disease-causing organisms are carried from 
tree to tree by sucking insects, phloem necrosis of elm for instance. In 
some cases the insects are, evidently, mechanical carriers, but in others 
they are e.ssential intermediate hosts. For example, the mosaic diseases 
are transmitted from plant to plant by sucking insects; in some cases, this 
is the only way by which these diseases can be carried from one host to 
another. How important the insect-borne diseases may ultimately prove 
to be in the forest, time alone can tell. 

A third way in which sucking insects may injure trees, is mechanically, 
by ovipositing in them. In fact some species, for example, certain tree- 
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hoppers (Membracidae). do not g(*nerally teotl upon trees at all. but they 
may still seriously injure or even kill trees by filling the branches with 
egg slits. 

The species of sucking in.sects that attack trees arc so numerous that 
space will not permit a full consideration of this important group. There¬ 
fore, the discussion will be confined to a few repi'es(‘ntative types of the 
more important families. References to others will be found in the 
bibliography. 

HEMIPTEROUS SAP-SUCKERS 

The order Hemiptera embraces a large number of sucking insects. 
The members of this order are the true bugs, and it 
is only to this group that the name bug can be 
correctly applied. 

Plant Bugs. The members of one family of the 
Hemiptera, the Miridae, are known as the plant 
bugs and contain many tree species. Every tree of 
every species is infested with its share of the.se in¬ 
sects, but they seldom occur in sufficient numbers to 
be serious pests of forest trees. Some of them, 
however, are always sufficiently abundant to be 
conspicuous wherever their host trees are abundant, 
and they are sometimes very injurious in nurseries. 

Examples of these potentially injurious plant bugs 
are the tarnislied plant bug, Lygus oblincatus, and 
the boxelder bug, Lcptocoris Irivitfalus. The eggs of 
these plant bugs are deposited in slits cut by the 
females ^^^th their ovipositors in the t\\igs and small 
branches of the trees. The young bear a close re¬ 
semblance to the adults, except that they have no 
wings. They run about actively on the leaves and 
twigs, obtaining their food by puncturing the tissues 
and sucking the sap. Like other Hemiptera, the 
metamorphosis of these insects is gradual. With 
each succeeding molt, the nymphs become more 
and more like the adults until the final molt, when 
they appear as winged imagoes. No satisfactory 
control of these insects had been developed until 
the advent of DDT and other synthetic organic 
insecticides. Where spraying the foliage of the 
trees is practicable and safe, most species of plant bugs can now be 

controlled. 


I 




\ 


Fio. 48. Scars on an 
aspen stem resulting 
from injury caused 
by the oviposition of 
treehoppers* 
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Lace Bugs. Anotlier important family of the Hemiptera is the Tingi- 
(lae. or lace bugs. I'liese insect.s are .small in size, usually not more than 

incii in length, but they are very striking in appearance. The hem- 
elytra are thin, almost gauze-like in appearance and marked with a 
network of line lines. The.se. combined with the similarly lace-like 
lateral expan.-ions of the prothorax, give the insects a decidedly lace¬ 
like appearance. 

I'nlike the leaf hoppers, which are very active in all stages, the lace 

bugs lead a very sedentary life. Their entire developmental period may 

be spent upon a single leaf. Injury done by them is much more likely 

to be observed than that caused by tiie plant bugs, in part because it is 

usuallv more localized, and in part becau.se the insects themselves are 
% 

mor(‘ easilv seen. 

% 

'riie lace bug.s sometimes occur in extremely large numbers and in some 
years may, over extensive areas, destroy practically all the foliage of 
their host trees. They are not. however, tree killers. They attack trees 
of all sizes, but appear to prefer saplings or small poles. Drake (1922) 
considers one of the tingids, Conjthuca paUipes. to be “the most injurious 
leaf-feeding insect on yellow birch ” in certain parts of New York State, 
'rhese insects arc sometimes very .seriously injurious to hardwood trees 
growing in nur.series. Birch is one of the common hosts for a number of 
lace bugs, but other hardwood species, for example, ironwood. sycamore, 
oak, maple, willow, and basswood, are also heavily attacked. As a result 
of heavy lace-bug attack, the injured leaves fade in color and later turn 
brown, producing an effect .similar to defoliation. 

The life history of the lace bug is in some ways quite similar to that of 
other Hemiptera. The eggs are deposited in the veins, on the underside 
of loaves of the host tree, .sometimes singly but usually in groups. No 
definite pattern Ls followed in arranging the groups. The eggs are dark 
in color, rather elongate, and slightly curved in form, with the upper end 
somewhat constricted and closed with a lighter colored cap or lid. They 
hatch in about 10 days after deposition. 

The young nymphs in.sert their proboscises into the leaf tissues to suck 
o\it the sap. During the early nymphal stages, they are usually gre¬ 
garious. When they become mature, they generally scatter. The adults 
feed on both the upper and lower surfaces of the leaves, whereas the 
nymphs practically always feed only on the lower side. 

Almost all the lace bugs have two generations per year in the latitude 
of New Jersey. Farther north, they probably have only a single gener¬ 
ation, whereas farther south they probably have more. Most of the 
species pass the winter in the egg stage, although a few hibernate as 
adults. These overwintering adults hide themselves under loose bark, 
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in the litter beneath the trees, or in otlier sheltered places. The control 
of lace bugs may be accomplished on ornamental trees with relative ease, 
since spraying with a contact insecticide is usually etfective. Where 
water is available, the insects may be held in check by washing the 
foliage thoroughly with a forcible stream of water from a garden hose. 


CERTAIN HOMOPTEROUS SAP-SUCKERS 


Many members of the llomoptera are important enemies of both 
forest and ornamental trees; in fact almost every family of the order has 
representatives that feed upon trees. The most important groups, from 
the viewpoint of forest entomology, are the aphids or plant lice, the 
chermes, and the scale insects, but members of other families are some¬ 
times injurious, for instance, certain species of leafhoppers and spittle- 
bugs. In addition to these, there are the jumping plant lice, which arc 
particularly injurious to orchard trec-'i', sometimes even killing them. 


Since about 1940, some of these homopterous insects have become serious 
pests of forest plantations. 

Periodical Cicada. The more common species of the Cicadidae are 
well known to almost everyone, because those who do not know the 
insects by sight are familiar with the strident, rattling song of the male, 
so often heard on warm summer days. They are called harvest flies and 
sometimes, incorrectly, termed locusts. One of the most injurious and 
best-known members of this family in the periodical cicada, Magicicada 
septendecim. 

The periodical cicada has an astonishing life history which is, indeed, 
stranger than fiction. The full-grown nymphs, sometimes called pupae, 
emerge in spring and early summer from the ground, where they have 
been entombed while passing through the developmental stage. During 
emergence years, large areas of ground are literally peppered with their 
exit holes. In places there may be as many as 100 holes per square foot 
of surface. The nymphs, heavy-bodied with broad abdomens and power¬ 
ful legs, leave their burrows and climb upon any convenient object to 
transform to adults. In years when cicadas are abundant, their cast 
skins may be observed almost everywhere in the locality where they are 
emerging: on trees, fences, poles, shrubbery, and the sides of buildings. 

The adult is dark bro^vn to black in color, with red eyes. In a resting 
position, the wings are folded over the back like a tent. The head and 
thorax are broad and the abdomen is tapering. The female is armed 
with a strong ovipositor that might be compared to a pair of chisels. By 
means of this organ, she gouges out slits in twigs and small branches in 
which to deposit her eggs. It is this oviposition injury that constitutes 
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the cWici (lamago to the trees and not the sap sucking of the nymphs. 
AftcM- about a week in the egg, the young nymphs hatch, drop to the 
ground, and promptly burrow into the soil. There, at a depth of about 
2 teet, each one liollows out an individual cell next to a small root ot 
.siune woody plant, inserts its beak, and begins its long period of sedentary 
tceding. 

'I’lie periodical cicada lives for 17 years in the nymphal stage, the long- 
('si nymphal stage for any sucking insect. Most other insects with long 
life cycles have overlapping broods, some of which emerge each year; but 
this is not true of the periodical cicada. All the individuals in a locality 
emerge simultaneously. The brt)ods of this insect are well known to 
entomologists. Each one is numbered and the time and geographic dis¬ 
tribution of each emergence can be accurately forecast. In the South 
there is a race which has a somewhat shorter life cycle than usual, only 
13 y('ars being re(|uired for its development. It is thought by some to 
be a ditfererit species, but it is the general consensus of opinion that it is 
merely a biologic variety. 

From time to time, the periodical cicada appears in great swarms, par- 
tii'ularly in the regions of eastern Xorth America that are heavily wooded 
with hardwood trees. At such times every available twig will be filled 
with egg slits. As a result, many twigs and branches will be killed. 
This is not particularly injurious to mature forest trees, but to young 
stands or trees in nurseries it is very serious. 

The control of this insect by direct means is virtually impossible in the 
forest. In limited areas, as in a nursery, the population of cicadas could 
be reduced by pruning off and burning all twigs containing egg slits 
before the eggs hatch. Insecticides have not proved effective. Natural 
enemies are important aids in reducing the number of cicadas. Birds, 
particularly those of tlie blackbird group, are very fond of the newly 
emerged adults and consume them in large quantities. Many other 
birds feed upon them almost exclusively at times when they are emerging. 
Immediately prior to emergence, when the nymphs are close to the sur¬ 
face of the ground, they are found and destroyed by scratching birds, 
skunks, moles, and hogs. 

Spittlebugs. Spittlebugs or, as the adults are called, froghoppers, are 
very common insects. The great majority of them feed upon herbaceous 
plants and shrubs, but a few attack trees. Two species attacking pine 
have received much attention: the pine spittlebug, Aphropkora parallela, 
and the Saratoga spittlebug, Aphropkora saratogensis. The pine spittle- 
bug attacks all pine species but seldom causes recognizable injury to any 
except Scotch pine growing in plantations. It is a pine pest in all stages. 
The Saratoga spittlebug, on the other hand, feeds on pine only as an 
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adult, but during that brief period it caiuses severe injury to the trees, 
especially to plantations of red and jack pine. 

The pine spittlebug hatches in early spring from the overwintering 
eggs, and the nymphs suck the sap from the twigs and small branches. 
Their favorite feeding place is on 
the growth of the pre\ious year. 

The nymphs secrete a foamy fluid, 
resembling spittle, that covers and 
hides them. This wliite spittle on 
the twigs is the most conspicuous 
feature of their attack. When the 
nymplis are e.vcessively abundant, 
the dripping of liquid from the 
trees often resembles the sound of 
rain. 

At each point of attack, a necrotic 
spot develops in the growing tis¬ 
sues; this later becomes infiltrated 
with resin, thus preserving in the 
wood a permanent record of the 
injury. When these necrotic areas are numerous, they obstruct the 
normal flow of sap, the trees fade, lose foliage, and sometimes die. 

The habits of the Saratoga spittlebug are very different from the pine 
species. The eggs are laid on the pine twigs, as are those of the pine 
spittlebug; but on hatching, the nymphs drop to the ground, where they 
may feed on any of a number of shrubs and herbs. Blackberry and 
sweetfern are the favored hosts, and only where there is a combination 
of one or the other of these shrubs with the pine can enough adults 
develop to cause injury to the pines. The nymphs feed beneath the 
surface of the litter near the root collar of the alternate host. There¬ 
fore, they may easily escape attention. However, when the litter is 
pushed aside, the foamy masses of spittle containing the nymphs are 
clearly observable. 

On reaching full growth in July, the nymphs transform to adults, leave 
the sweetfern, and move to the pines where they feed and oviposit on 
the twigs. At each point where an adult inserts its beak through the 
bark a necrotic spot develops. When these spots become numerous, the 
twig dies and the needles turn red. In the course of several years, 
the “flagging” of twigs may involve the entire tree and cause its death. 
More often, however, the tree becomes deformed but still lives. The 
feeding punctures are invaded by a fungus that some believe contributes 
to the death of the tree. Anderson (1947) has demonstrated experi- 



Fiq. 49. Frothy mass of "‘spittle*’covering 
the nymphs of the pine spittlehug. 
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mentally tlic spittin(icpcn<U‘ntly can cause flagging and death 

Since the Saratoga spitlleliug re(iuires an alternate host, usually sweet- 
Icni rapid eroun closure will shorten the time that a plantation is sus- 
,.,.piil,!e to injury. Before crown closure, the insect cun he elTcetively 
controlled with DDT at 1 pound per acre, applied while the adults are 
in flight. However, repeated spraying may ho re(iuircd until the alter¬ 
nate host has heen destroyed hy shading. 

Aphids. Among the homopterous sucking insects the family Aphidi- 

dae stands out prominently as an injurious group. The members of this 
group an- called aphids or [)lant lice. They are abundant in numbers, 
both of individuals and of species, and they arc so generally distributed 
that it is .scarcely possible to find a tree of sapling size or larger which is 
not infested by them to a greater or less degree. 

'I'iu* aphids are usually very small, .soft-bodied insects with pear- 
.diaped IxKlies. Tlie legs are long and slender, and most species posse.ss 
on the dor.sal side of the abdomen, near the caudal end. a pair of cornicles, 
d'iie.se are lube-like structures, sometimes erroneously called honey tubes. 
.Vphids may be eitlier winged or wingless. hen wings are present, all 
four of them are transparent, delicate, and provided with a few simple or 
branched veins. 

When aphiils oeeiir in comparatively small numbers, the direct injury 
caused is comparatively .slight: when they become very abundant, as they 
frccjuently do under favorable weather conditions, their injury to the 
trees is often great. They are not tree killers, however, and the injury^ 
that they cause usually results only in a reduced rate of growth and in 
a geiierallv unthriftv condition. Trees injured by aphids may succumb 
to secondary in.sccts that they could have resisted when in vigorous 


health. 

Aphifis have been miieb studied as agricultural and horticultural pests 
but. because our forestry methods are decidedly extensive rather than 
intensive, these insects have received little attention as forest pests. 
Nevertheless, in view of their abundance, it cannot be doubted that the 
aphids comprise an important group of forest insects. In nurseries and 
in young plantations, the aphid problem is often exceedingly important. 
Oceasionally aphids, such as Aphis abiclina, may kill large trees as in 
tlie case of Sitka spruce in parts of Oregon and Washington (Keen, 1951). 
Little detailed information concerning forest aphids is available in liter¬ 
ature, and therefore it seems desirable here to treat the entire family as a 
unit, rather than to discuss a limited number of individual species. 

DifTerent aphids have different habits. Some of them live on the bark 
of the trunk and large branches, others confine their feeding acti\dties to 
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the leaves and green tips, wliereas still others feed upon tiie roots of trees. 
Some cause tlie formation of galls, particularly on the leave.s. These live 
within the galls, and thus the tree provides tliem with both food and 
shelter. Other species provide shelter for themselves by causing the 
leaves on which tliey feed to curl about them. Still others live unj)ro- 
tected on the surface of the tiees. Some aphids are pio\’id(Ml w ith glands 
which secrete a flocculent, wax-like material, which collects over the 
insects and afTords them some protection from their enemies and from 
the weather. 



Fig. 50. Apiiid gall on the petiole of a cottonwood leaf cau-ied by the attack of Pemphigus 
populi^ransvcrsus. {Unxvvruity 0 / Miunvaola.) 

All aphids excrete a sweet material called hone 3 'dew, which is highlj' 
prized for food by ants and other insects. For this reason, it is a common 
sight to see ants busily collecting this sweet liquid. In some instances 
interesting symbiotic relationships have arisen between ants and aphids. 
The ants care for the aphids and in return receive honej'dew. It is 
because of this relationship that aphids are sometimes called ant cows. 

Although the habits of the various species of aphids vary greatly, the 
general features of the life cj-^cle are quite similar for most of the common 
species. The true aphids pass the winter in the egg stage on the host 
tree. In the spring, with the appearance of green vegetation, partheno- 
genetic females, called stem mothers, hatch. The stem mollier, or fun- 
datrix, is wingless in most species. The young are all agamic females 
which in their turn reproduce parthenogenetically and are called wingless 
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afinniic forms or spnriac nplrrdc. From tlu'sc may l>e produced a num- 
l)"r of tioncrations of similar forms, each generation giving birth to living 
young, lieprodiiction is very rapifi. lu from o to 7 days after an indi¬ 
vidual is born, she will, in her ttirn. begin to produce living young. It is 
not .surprising, therefore, that the aphids build up rapidly in numbeis 
as the season progre.sses. 

In certain generations another type usually appears. These are winged 
agamic females and are known as migrants, or i^puriae (ilntnc. Fre- 
(|uently, both winged and wingless forms are present in the same gener¬ 
ation. Tliese form.s are often produced by the spuriac aptrrac at a time 
wlien the food plant has become crowded. In certain species, the 
migrants are prodiu'ed directly from the stem motlier. These migrants 
leave the plant upon which tliey have been feeding to seek fresh food. 
Some species seek out plants of the .same specie.s as that which they left, 
luit a large numlier of aphids have an alternate host. \\ lien this i.s tlio 
ease, the host upon which the .stem mother and the suecoeding gener¬ 
ations are produced i.s called the primary ho-st; the host specie.s to which 
the migrants fly is termed the secondary host. 

On the new host, the migrants give birth to winged or wingless agamic 
forms. .\ number of generations of tlie.se usually occur. On a .secondary 
host the wingless agamic forms may or may not resemble the form on 
the primary host. Sometime.s they are so different that they have been 
regarded by entomologists as distinct species until a careful study of 
their life history has disclosed their identity. The members of the last 
generation of this series gi\'e rise to the true sexes and are therefore known 


as se.rupnrac. In tho.se species that have alternate hosts, this generation 
i.s winged, at least in part, whereas speeie.s which always remain on the 
same host may be wingless. 

The winged scxuparac which are to produce the sexually perfect 
females, fly from the secondary host back to the primary ho.st. There 
they give birth to the oviparous females, which appear only at this stage 
in the life cycle. The mules are usually produced by nonmigrating 
.sc.r?//jarue on the secondary host and migrate tathe primary host, where 
mating and oviposition occur. In some species, each female produces 
only one fertilized egg, whereas in othei's several eggs may be laid. 

The control of aphids is practically the same for all species. In the 
forest no control is practiced, in spite of the serious injury that they may 
cause, l^ndoubtedly the practices that encourage vigor, discussed in 
Ohap. XIII are of value in preventing aphid damage. Only in nurseries, 
in young plantations, and on ornamental trees does aphid control receive 
much consideration. There, spraying is the surest and best means of 
checking outbreaks of these insects on standing trees. During the grow- 
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ing season, contact insecticides usually give satisfactory control, and the 
overwintering eggs may l)e destroyed by a dormant s[)ray of lime sulfur 
or oil (Chap. IX). Stock that is infested in the nursery should not be 
set out. either in the forest or in ornamental plantations, without its hr.Nt 
being treated to destroy the aphids. Effective treatment may be accom¬ 
plished either by dipping or by fumigating. 

Chermes. The chermes, member.s of the family Chermidae (Adelgi- 
dae), are close relatives of (he aphids but differ from them in several 
important respects. For instance, (he chermes have no cornicles, and 
both the parthenogenetic and sexually perfect females lay eggs. Because' 
the bodies of the chermes are. in certain stages, covered with a flocculent 
mass of white wa.xy threads, the common name wooly aphid is frecjucntly 
applied to them. However, they .should not be confused with the true 
aphids, some of which are co\’ered with a similar waxy covering. 

The chermes all feed upon coniferous trees, and in .some instances they 
are responsible for much injury. They are definitely more injurious than 
the true aphids, particular!)’ to trees growing under unfavorable con¬ 
ditions. The life cycle of these insect.s i.s even more complirated than 
that of the true aphids. Most of the species have alternate host.s, but in 
every case the primary host is a spruce. On (he spruce, the chermes 
form leaf galls of different types, varying from a condition in which the 
bases of the needles are slightly swelled to a condition in which the 
needles of the new growth form a clo.sed, cone-like gall. Where these 
galls are formed, a part or (he whole of the infested portion dies. It 
would seem that when a large proportion of the tips are attacked, year 
after year, serious injury to the trees would re.sult. Investigations by 
Wilford (1937) indicate that even heavy galling has little effect on the 
growth rate of trees infested with Chermes abielis. In the Northwest, 
however, chermes have at times been responsible for serious inj\iry, par¬ 
ticularly to Sitka .spruce and Douglas fir. 

The alternate or secondary host of the chermes varies with different 
species. It may be any one of the following genera: Abies, Pseudotsuga, 
Larix, Tsuga, or Pinus. On the secondary host no gall is formed. The 
insects live upon either the bark or the needles. The injury that they 
do to the secondary host may or may not be severe. In the case of thc 
pine bark louse, Pineus pinicorticis, the injury is sometimes very severe. 
It is especially injurious to young trees gro\\’ing under semi-suppressed 
conditions and to older trees on poor sites. The activities of this insect 
may frequently so weaken the trees that they succumb to the attack of 
bark beetles. The full life cycle is not known. Another chermes that 
sometimes causes serious damage to the secondary host is the balsam 
wooly aphid or fir bark louse, Chermes ptceae. This is a European species 
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that h;w hcon in tliis connUy sinco early in the twentieth century (Mac- 
Ah.ney, I'-Kh'): liahh. It has i,cen especially injurious, killiiiR 

„UH h halsain fir in tlie Xortheast. Its numbers are reduced by low 
leinpc'rature. because -30°i'. will kill all the individuals that are above 

t lu“ sti'iw litie. 

riic C’ooley spruce j^ail aphid, Chrrmrs cooluji, is one of the American 
species that has been carefully studied and, therefore, its life cycle may 



Fro. 51. Conspicuous wnxy threads indicate u heavy infestation of the pine bark louse on a 
wliito-pino .sapling. {VuinttfiHy of Minnesota,) 


well bo used to illii.slratc the group as a whole. This species will breed 
on several primary hosts, Colorado blue spruce. Engelmann spruce, and 
Sitka spruce. The secondary host is Douglas fir. 

The species overwinters as an immature stem mother, a wingless 
agamic female, always foun{l on spruce and always hatched from a 
fertilized egg. When spring arrives, she completes her development, 
secreting large quantities of white waxy wool. She then deposits a 
large number of unfertilized eggs beneath this wool-like covering. The 
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eggs laid by the stem mother give rise to a generation called gall dwellers 
or gaUicolae. 

As soon as the young gall dwellers hatch, thev make tlieir wav to the 
expanding buds. There they settle rlown to feed, many irulividuals 


LATE SUMMER 


WINTER 


True stem morhers 
(Fundotrix vero) 


SPRING 

ond 
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Tio. 62. Generalized life history of a spruce gall apliUl Adelgcs app. On emerging from 
the galls, the dwellers are of two types. One is winged and migrates to the secondary host 
while the other remains on the spruce. Although represented on the graph by three differ¬ 
ent rectangles, there is only one brood of gall dwellers. 

attacking a single bud. Each tiny individual takes up a position at the 
base of a young needle in the expanding bud, sometimes alone but often 
with some of her sisters. There she inserts her mouth parts into the 
succulent tissues and sucks the sap. The stimulation resulting from the 
combined effect of the stem mother and her offspring causes the basal 
portion of the leaf to thicken and expand until it forms a shelter over 
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til.' ynun*; iiis.'.'ts. I'r^tially all the noodles in a hud are attaoked and 
|■osl.oIld in a >iinilar inannor. TIiom- ha.sal swellings coalesce and form a 
e.me-like i!;all on the new growth. The form of the gall is characteristic 
of III.' species. The individuals that may arise from a single stem mother 
may mimher fr.mi 300 to -lOO. When the gall dwellers are full grown, 
ihe galls oj)on. The young cherines then crawl from the galls and settle 
on the spruce n.'cdles. There they cast their nymphal skins and emerge 



Fio. 63. Galls on blue spruce causeti by Chermes cooUi/i. (Bureau of Enlomology and Plant 
Quara nliiie.) 


as winged insects about the middle of June. Some of these winged gall 
dwellers are nonmigrating and remain on the .spruce. There they give 
ris.‘ to jigjimi.t stem mothers that overwinter and in the spring lay 
unfertilized eggs. These eggs produce another generation of gall dwellers. 
This asexual cy.'le on the primary host may continue indefinitely. 

d'hose winged gall dwellers that are migratory, the gallicolae migrantes, 
fly to the Douglas fir, where each individual lays from 100 to 150 eggs 
on the fir needles. These hatch into forms that are called colonist 
broods or colonici; wingless insects differing in appearance from the 
spruce-inhabiting forms from which they arose. They are called false 
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stem mothers or fundalrires .ipuriae. Tliey jjass the winter on tlie 
secondary host in a partly developed condition. Early in the followin}. 

May they complete development an<l deijosit unfertilized pkrs. The 

eggs in this generation are not so__ 

numerous as in the [)recc(Iing gener¬ 
ation. each female laying from 30 to 

(iO. 

The young tliat hatcli from these 
eggs are dimorpliic in character. A 
part of them are wingless and remain 
on tile Douglas fir, while a part are 
winged and fly hack to settle on the 
primary host. The latter are called 
sexuparae and give rise to still other 
forms, the true males and females. | 

1 hej' mate, and tlie females deposit j 
a small number of fertilized eggs on j 
the spruce, from which the true 
stem mothers hatch. 

Meanwhile, the individuals that j 
remained on the Douglas fir, the , 
spring brood of apterous females on ' 
that host, lay unfertilized eggs from j 
which the summer brood hatches. 

This summer brood on the secondary r. ---- 

1 _. _ , .... riG. 54. Chermes on the needles of » 

nOSt pasS6S the winter in the immu^ secondary host, Douglas fir. {R, A\ 

ture form and in their turn become 



false stem mothers the following spring, thus completing the asexual 
cycle on the secondary host. Like the asexual cycle on the primary 
host, this one on the Douglas fir may be repeated year after year. 

Thus in chermes there are three distinct cycles of development: the 

asexual cycle on the primary host, the asexual cycle on the secondary 

host, and the cycle on both the primary and the secondary hosts in which 
the sexual forms appear. 

On ornamental trees chermes may be controlled by spraying with a 
dormant spray in very early spring. When water is available, they can 
be effectively controlled when outside the galls by washing the trees with 
a forcible stream of water from a hose. 

Under forest conditions no feasible direct method of controlling chermes 
has been developed. The difficulty of reaching the infested parts of the 
trees mth a spray practically precludes the possibility of effective aerial 
sprajdng for these insects. Forests of the future may be protected from 
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,-luTm<‘s by the seleetion of re.-istai»t tree varieties. Certain biotic agen- 
ne.^ are operating to bring about natural control. Among the.se arc 
parasites, predators .su<'Ii as the eoccinellids, .syrphid-s. predatory mites, 
and spiders Inasmuch a.s tlie most .siisceptilile trees are tho.se growing 
under unfavorable conditions, it is apparent that any improvement o 
site will be beneficial. Proper thinning, intelligent drainage, and careful 
selection of planting .sites are some of the good silvicultural practices that 

will aid indirectly in controlling chermes. ... 

In forest plantations, the trees are especially susceptible to injury 
during tlie early years. For thi.s reason, it is important that chermes- 
fri'c planting stock he used. I^cfore being .set out m plantations, all 
infested nursery stock siiould be dipped in an insecticidal solution or 
fumigated to destroy the infestation. 


SCALE INSECTS 


The scale in.seets. Coccidae, comprise another family of the Homoptera 
that includes many dangeroii.s tree insects. Because they are so difTer- 
ent in habits and appearance from the other Homoptera and becau.se of 
tbeir great eeoncimic importance, they are discussed here in a separate 
section. Tliey are usually regarded as being particularly injurious to 
Dinameiital and orchanl trees, altiiough they arc really equally dangerous 
in tlie forest. Their ineonspicuou.sness, coupled with the fact that their 
work i.s often supplemented by that of other more conspicuous species, 
has resulted in a general underestimation of the importance of scales as 
forc.st pests. From time to time, however, severe outbreaks in forests 
have been reported. For instance, the black pine leaf scale, Aspidiotus 
cafifornicus (?), has been responsible for heavy injury in parts of the 
Lake states and has also been injurious in California forests, and several 
tortoise scales have been responsible for severe injury to forest plan¬ 


tations of pine. 

The scale insects are peculiar. No one on seeing these creatures for 
the first time would guess that they were insects. In fact, it is doubtful 
if. on cursory examination, a person vinfamiliar with them would even 
regard them as living organisms. They are, for the most part, small to 
the point of minuteness and many of them appear as tiny scales of wax 
adhering to the leaves or bark. Others look like small galls, whereas 
still others appear to be accumulations of granular waxy material or 
masses of resinous exudation. Although this group includes many impor¬ 
tant pests, some very useful insects are also members of the family. For 
instance, the lac insects excrete over their bodies a resinous material 
which is an important article of commerce. This material, called stick- 
lac, is manufactured into shellac. Before the days of coal-tar dyes th^ 
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lac insects and other scales were important in the production of coloring 
materials. 

The scale insects are numerous in species and variable in habit and 
appearance. Ihree groups of the family contain dangerous forest and 
ornamental tree pests. These are the armored scales, the tortoise scales, 
and the mealybugs. The life history 
and habits characteristic of eacli 
group are quite different, and. there¬ 
fore, a representative of each one will 
be discussed. 

Oystershell Scale. The oystershell 
scale, Lepidosaphes xdmi, belongs to 
the subfamily Diaspini, which is 
characterized by the scale-like cover¬ 
ing beneath which the insect lies. 

This scale is composed in part of 
molted skins and in part of waxy or 
resinous excretions of the insect. 

The oystershell scale is well knou n 
to almost everyone who works with 
woody plants. This insect attacks 
a great variety of fruit trees and 
deciduous forest trees and shrubs. 

In the forest, the ashes, poplars, 
willows, and maples are probably the 
most susceptible trees. This insect 
is di.stributed throughout the tern- 1 m<j. 55. White aM\ iseoUling heavily 
perate regions of the world and either '"'".Tint 

. . ^ ^ ^ see<lanK^ ot white ush growing under 

IS native to America or was introduced ^^hady conditions are almost certain to bo 

in very early colonial days. It now and kuied, 

occurs throughout temperate North America from the Atlantic to the 
Pacific. 


I 


The oystershell scale is well named, for its general shape is that of an 
elongated oystershell. The full-grown scale is about ^ inch in length 
and brown in color. When these insects are abundant, the small branches 
of the infested trees may be almost completely encrusted with the scales. 
The male scales are said to be very rare. The exact proportion of males 
to females has never been determined, but it is so low that, according to 
Griswold (1925), thousands of scales may be examined without finding a 
male. This suggests that this species usually is reproduced partheno- 
genetically, although no general acceptance of such an assumption is evi¬ 
denced in published writings. 
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!n tlic Xortli. the e-if^s arc aopo-sitcd in late summer or early autumn 
;um 1 pass through the winter without hatching. In the early spring they 
liatcl,. the time varying sieatly. depending upon the latitude “"d he 
scasim. In general. hat<-hing corresponds in time to the dropping of the 
■ippl(' p(‘tals. The vuuiig insects creep from beneath the mother .scales 
bv the liuiidred and wander about on the bark of the host tree. At this 
time ti.ev mav creep upon birds, other insects, or anything else that 
romes in'contact with the trees. In this way they may be carried from 

tree to tree or even from locality to locality. 

After wandering aimlessly about over the bark for some time, the 

youn<^ .settle down in a suitable place, insert their moutli parts, and pro- 
reed to feed upon the sap of the tree. The .secretion of the scale then 
begins. The female scales never move again. As the in.seet grows, the 
scale is increased in size .so that the body is always entirely covered. 
When mature, the female has lost both legs and eyes. She is little more 
tlian a rt'produetive .«aek with sucking mouth parts through which the 
fo(Ki is drawn. The male, on the other hand, undergoes an entirely 
(litYcrcnt type of metamorphosis, and, alter passing through a stage 
resembling the pupal stage of liolometabolous forms, he emerges as a 
tiny two-winged insect, with antennae, compound eyes, and the mouth 
parts rei)laced by a second pair of rudimentary eyes. The adult male 


takes no food and is short-lived. 

Hy tlic lime the female is full grown, her body is filled with eggs. As 
she lays them, her body shrinks in size until almost the entire cavity 
hencath the scale is occupied by eggs, and in consequence the mother is 
crowded into a small portion of the anterior part. Shortly after ovi- 
posilion, the female dies; consequently, by late autumn there are no 
females alive. The number of eggs deposited by each female varies from 
‘JO to slightly more than 100. In the North, there is only one generation 
each year, whereas in the South, where there are two generations, the 
eggs of the first brood are deposited early and hatch during the month of 


Jul)'. 

Other important species of armored scales pass through life cycles simi¬ 
lar to that of the oystershell scale. The scurfy scale, Chionas-pis Jitrfura, 
aiul the pine-leaf scale, Chionaspis pinifoliae, both develop in a manner 
(piite comparable to that of the oystershell scale. Some other members 
of the group pass the winter in a partly grown condition and complete 
their development the following spring. In some of these scales, the eggs 
hatch within the body of the female and the young are born alive. 

Cottony Maple Scale. The tortoise scales are as a rule larger and more 
conspicuous than the armored scales. Some of them secrete very little 
wax and are, therefore, called naked scales; others, like the cottony maple 




Sl < 


scale. Puh inon'a n'lis. 
others secrete wax in 

of many tortoi.se scab's ar<‘ not reduced t 
least not until the female hecoine 
can change tlieir location when partly 
excrete large (plant it ie.s of hoiu'vdc 
of tlie infested trees. A fun 
trees an unsightly l)lack 
of infestations at a distance 


I wax lo lonn an egg sack, whcrca.- 
I nlike lli(‘ armored .'•cale>'. tlie b'as 
o th(‘ [M.)int of u.'el(‘s.-'ne>s, at 
filh'd with (*ggs; tht'relore. tlie insects 
grown. Many of tlic.^t' .'•calcs 
w. which ('Oats the lea\('s and l)i.inches 
gus growing in this hoiK'yih'w gi\cs the 
ippt'arance and is an aid in the identilication 


IiG. 56. Wliite, waxy egg cases of the cottony maple sc 


lie, Puli'i ftaria tilts 


Uhe cottony maple scale i.s a good example of the tortoi.sc-seale group. 
It attacks maple.s, particularly soft maples, ihrotigliout the range of its 
host trees and, when abundant, sometimes kills trees. Previous to cold 
weather, the female is fertilized and spends the winter in a partly devel¬ 
oped condition on the small branches of the host. Witli the arrival of 
spring, these females complete tlieir growtli, reaching maturity early in 
the summer. Then they are over inch in length and broadly ovate in 
form. Each female depovsits a tremendous number of eggs beneath a 
white covering of Avax threads, the so-called egg sack. The specific name 
innumeralnlis, which has sometimes been applied to tins .species, descrilx's 
well its fecundity. A comparatively unpnjductive female will lay oOO 
eggs w’hereas some may produce several thousand. Tlie reproducti\’e 
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potential of such a .species is .stupendous. In the absence of environ¬ 
mental resistance, this .species would reproduce at an unbelievable 

d'he white egg sack.s mentioned above are extruded from beneath the 
caudal end of each mother scale. These wTite masses standing out 
prominently against the blackened bark of the trees attracts much atten¬ 
tion. Some other members of the tortoLse-scale group, instead of laying 
their eggs in sacks, lay them beneath their arched bodies, whereas still 

others produce living young. i i u • 

Tlie tinv .scales leave the egg sacks in July or August and make their 

way to the leave.s. There they settle down and feed until fall. Most of 
them locate on the underside of the leaves along the large veins. The 
mah's develop much more rapidly than the females and emerge as winged 
aclults in late summer or autumn. At that time, mating takes place even 
tlu.ugh the females are not fully developed. After fertilization and before 
the iea\es droi) in the fall, the females move from the leaves and make 
their way back to the twigs and small branches where they pass the 
winter, complete their development, lay their eggs, and die. 

European Elm Scale. Some members of the mealybug group are 
serious enemies of trees, especially in warm regions. Even in cooler 
climates, however, some members of this subfamily are injurious tree 
pests. Instead of secreting waxy threads, the mealybugs cover or partly 
co\'er themselves with a powdery wax. This flour-like secretion g;ives 
them their common name. The European elm scale, Gossyjxxria spuria, 
will serve to illustrate this group. 

When first introduced into America, the European elm scale caused 
much mortalitv among the elms attacked and was considered to be one 
of the most dangerous of the forest mealybugs. It was first reported in 
the I’nifed States from Xew York State in 1884, but apparently it had 
been established for a number of years prior to that time. In 1894, it 
was reported from California and now is widely distributed throughout 
the United States and Canada wherever its host trees are present. 

Now that it has become thoroughly established in its new environment, 
the elm .scale, although still an injurious pest, does not cause so much 
mortality among the elms as it did when first introduced. This situation 
can be explained in part by the increased activities of parasites and 
predators and in part by the increased resistance of the surviving elms. 
'I'his pest serves as one more illustration of the principle that a newly 
introduced pest is likely to be more injurious when first introduced than 
it will be later. 

The rapid spread of the elm scale throughout the United States is 
surprising. It might have been carried in some instances by birds, but 
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in most cases it was carried to new localities on infested nursery stock. 
The overwintering scales may be carried easily in this way. The popu¬ 
larity of elm as a shade tree and the lack of inspection and certilication 
of nurser}' stock during the period when it was becoming generally dis¬ 
tributed, were doubtless factors of importance contributing to its rapid 
spread. 

The body of the European elm scale is ovate in form. In the second 
stage this species secretes a powdery wax, like that of other mealybugs. 
The third-stage females are brown in color and without any dorsal waxy 
covering. They do, however secrete a white waxj' fringe called the semi¬ 
cocoon, which curves upward from the ventral side and partly encloses 
the body. The males, between the second stage and the adult, are 
enclosed in white waxy cocoons. 

The life cycle of this insect is similar in many ways to that of the other 
scales discussed. The winter is passed on the branches of host trees in 
the second instar. Their covering of powdery wax serves to protect 
them to some degree against both excessive desiccation and moi.sture. 
Very early in the spring, or even in late winter, the males molt to the 
third stage and spin their waxy cocoons, after which they molt again. 
This fourth stage, the prepupal, is a quiescent stage within the cocoon. 
In the course of a week or more the prepupa molts again. It is then a 
pupa. After another quiescent period, the adult males emerge from the 
cocoon. The first males to emerge are wingless; the later emergents are 
winged. Between these two extremes are insects with all stages of wing 
development. 

In the meantime the females have also been undergoing a certain 
change. About the time that the adult males are readj' to emerge from 
their cocoons, the females molt for the last time. The males emerge and 
mating takes place. The fertilized females then seek out a suitable loca¬ 
tion, usually on the underside of a branch, and settle down for the last 
time. They then begin to excrete the semicocoon. During this third 
period, the female excretes large ejuantities of honeydew, which covers 
the branches, the foliage, and the ground beneath the trees with a sticky 
coating. In this sweet material a sooty fungus grows, and soon the 
infested trees assume an inky-black appearance. 

By late spring, the females are fully grown and have completed their 
semicocoons. They are then ready to lay their eggs. The egg-laying 
period of most insects is brief, but this insect takes her time in performing 
this important process; oviposition may last for several months. The 
eggs are held in the body of the mother until they are about ready to 
hatch. The vulva opens ventrally so that the eggs are deposited beneath 
the mother’s body, where they are protected until hatching has been 
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a. ruini.li.-luMi. Kacli fcmul.' li.ys a large number of <‘ggs. although by no 

ns a> inaiiv as does the rottony maple scale. 

In le>s tl.an an Inn.r after the eggs are laid the nymphs huteii and leave 
mol her 'I'hev migrate to the h'avcs where they settle down to feed 
tlii.^ stage little wax i.^ .secreted, and. except for the puhescenee of 
(he leaves thev are without i)rotection. Some 0 weeks alter hatching, 
.l,ev molt for the lirst time. In tl.is stage a powilery wax covers the 
l,t.(iy. With tlie approa<'h of autumn, most of the young scales move 
tr„m the leaves and locate upon tlie branches and trunk. 'I'hose that 
tail to do this drop with the leaves, and most ol them probably starve. 
Some are said to creep up the trunks of convenient trees, where they 
r.^tablish tlicmsclves. Thus the insect may he spread from tree to tree 
on wuai-blown l(‘a\es. 

Control of Scale Insects. Seale insects are very diflieult to control 
even on ornamental and ntir.seiy trees, l or that reason, it is particu¬ 
larly important that everv possible precaution he taken to prevent the 
introduction of scales into uninfested loealilies. Idanting stock should 
1)0 earefullv iiispi'cteil. anti it scale infestation is found, the stock should be 
rejeetetl. beeau.se no treatment of infested stock will give perfect results. 

When once infe.sted with scales, a forest will always remain infested, 
and only by means of natural factors can these pests be held in check. 
Fortunately, there are many valuable agencies of natural control, 
rnfavorahie weather conditions, for example, heavy washing rains dur¬ 
ing the migration of the young scales, may reduce the numbers of the 
in.-eets materially. In 1925. heavy rains during .lune checked a danger¬ 
ous infestation of the black pine leaf scale, Aspidiotus californicus {?), 

in the jack-pine region of Minne.sota. 

Like most other insects, competition among themselves appears to be a 
limiting factor. When the suitable parts of a tree become heavily 
encrusted with scales, the fecundity of the individual is apparently much 
reduced. In still more severe cases, the death of leaves or twigs upon 
which tlie scales are feeding may bring about an acute food shortage and 


ultimate starvation for many .scales. 

Predaceous insects, such as the ladybird beetles, feed upon scales. The 
adults and the larvae of these beetles both participate in this valuable 
work. The larvae of the lacewing flies, Chrysopidae, are also important 
enemies of scales. Among the most important of the predatory groups 
that feed upon scales are the mites, although all mites that are observed 
under or near scales are not necessarily predaceous. Some of them are 
scavengers but many of them, like Hcmisarcoptcs mains, are important 
predatory forms. This mite feeds upon the oystershell and San Jose 
.'j'^ales and is at times very effective in controlling these pests. Tothill 
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(1919) reports lliat tliis is by far tlic most impoitiuit agency of control 
of the oystcrsholl scale in eastern Canada. 

Certain small liymenopterous parasites are also important in keeping 
scale insects in check. Aphdinus mylilafipidis is one of the important 
parasites of the oystershell scale. 

In some cases, it has been possible to regulate the activities of some of 

the.se biotic factors of control, and thus use them directly against a specific 

pest. For instance Rodolm (T edalia) cardinnli.s, a coccinellid, has l)een 

used in California for the control of the cottony-cushion scale, Icrrya 

purchasi, and has proved very effective. The beetles ha\c been reart'd 

and liberated where they were most needed. Tothill suggests that Ilemi- 

.sarcoptes might be handled in a similar manner to control the ovstershell 

% 

scale. But as we have seen in a previous chapter, wc are not yet able 
to make full use of these biotic factors of environmental resistance in 
direct control work. 

Chemical methods of direct control must often be resorted to. Spray¬ 
ing and fumigating are the two most important means of coccid control 
at our disposal. These methods are not of course, applicable in the 
forest, but they can be used to advantage on nursery stock. Several 
suitable materials for this purpo.se are diseu.s.sed in C'haps. VUI and IX. 
DDT, however, is not very effective against scale insects. 



CHAPTER X\T 
MERISTEMATIC INSECTS 

The mcristematie tissues, as compared with other POfions of a tree 
.,re l.i'd. in protein content and are, therefore, among the parts held m 
Hvor hv many insect species. In number of species, the menstem eaters 
.,'re exceeded'only by the leaf eaters. The term meristemahc 
i.ere interpreted to include not only the cambium layer proper and the 
growing tips, but also the adjacent soft portion of the xylem and phloem. 

GROUPS OF MERISTEMATIC INSECTS 

In a discussion of insects feeding upon the meristematic tissues, we 
may group them according to their taxonomic position, the condition of 

their liost, or the part of the tree on which they feed. 

On the Basis of Taxonomic Position. Among the meristematic insects 

are representatives of several orders. In the Diptera there are a number 
of cambial miners that find their nourishment in living trees. These 
dipterous miners do not kill trees, but their activities are responsible for 
certain minor defects of birch and maple, called pith flecks. Only occa¬ 
sionally are these insects numerous enough to be of economic importance. 
Some of the Chironomidae, called pitch midges, feed upon the cambium 
and phloem of coniferous trees. The pitch exuding from the tree covers 
the larvae and serves as a protection for them. Although numerous, 
this group contains no dangerously injurious species. There are also 
numerous dipterous species that inhabit the cambium and phloem re^on 
of dead trees or logs without being true meristem eaters. Either they 
feed upon fungi or other microorganisms, or, as in the case of the snipe 
flies, they are predaceous upon the true meristem eaters. Thus the 
Diptera living in meristematic tissue is not a very important group, 

economically. . 

Among the Lepidoptera, on the other hand, are many important 

meristematic insects. Certain species of the family Aegendae, the clew¬ 
winged moths, for example, feed upon the meristematic tissues of the 
trunk and branches. Some of them that attack conifers are known as 
pitch moths, because of the mass of pitch which exudes from the injured 
tissues. When these masses become overgrown by wood, pitch pockets 
are formed. These defects, when numerous, materially reduce the mer¬ 
chantable value of lumber. The superfamily Tortricoidea also contains 
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a number of typical meristomatic insects. The tipmoths and bud miners 
furnish many illustrations of this group. 

Of all the meristcm eaters, those that feotl on the cambium and adjacent 
soft tissues of the xylem and phloem are by far the most injurious. These 
insects have been called cambium insects, but their activities extend 
beyond the thin cambium layer. Because most of their tunneling is in 
the phloem, current usage tends toward the name phloem insects for this 
group. Of the phloem insects the larger proportion belong to the order 
Coleoptera. The families of beetles most commonly feeding upon phloem 
are the Curculionidae, the Scolytidae, the Cerambycidae, and the Bupres- 
tidae. Each of these families contains species that are highly specialized 
for life in the phloem, and many spend their entire developmental period 
there. Others require the succulent and nourishing tissues only during 
the early developmental stages, and later are able to complete theii' 
development in solid wood. 

In the following brief review of meristematic insects only a few species 
can be considered. References to some others are included in the bibli¬ 
ography for the convenience of those who wish to expand their study of 
these insects. 

On the Basis of Host Condition. Meristcm-eating insects are often 
divided into two groups: primary and secondary. Unfortunately, these 
terms have been used rather loosely in entomological work, and therefore 
it is important that their meaning as used herein be made clear. A pri¬ 
mary insect is one that is able to attack a healthy, living tree and com¬ 
plete its normal development therein. A secondary insect, in contrast, 
is one that is incapable of attacking and completing normal development 
in a healthy tree. The practical application of these two terms is some¬ 
times difficult because an observer may fail to recognize that a tree has 
ceased to be healthy and has become decadent. As a result, confusion 
has arisen and different observers may arrive at different conclusions 
concerning the same tree. Nevertheless, the terms primarj’^ and second¬ 
ary are valuable and will be used as defined above. 

On the Basis of Feeding Place. Grouping the meristematic insects 
according to the part of the tree affected seems most convenient for dis¬ 
cussion purposes. These divisions are: 

1. Insects feeding on the terminal parts of trees: 

a. On twigs, tips, or shoots. 

b. On small roots. 

2. Insects feeding only in the phloem region of the trunk and branches. 

3. Insects attacking both phloem and wood. 

In this and the succeeding two chapters, these groups will be discussed 
separately. 
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INSECTS FEEDING ON THE TIPS 

■n,is .n.up rc.nt.it.s a n.ullitu.lo of insert .spocios, comparatively few of 
-OC Midicicnllv abumlan, to be .serious pe.sts. 1 bey .seldom kill 
, 1 ,, but tbov -au reduce tbe rate of terminal growth or cause 

,|,loruuties that atfcel the merchantable value of timber. In some c^as^ 
tl.cv cause a reduc-tion in both growth and ipiahty. On > "hen tip 
acstruyers are a,live year after year, killing all, or nearly all, of the new 

" Nantucket Pine Moth. One of the injurious tip eaters is the Nantucket 

moth (pine ti|mio(hl, Hhnanonin (Evetua) fru.,tm„a. 1 his species 



Fig. .')7. AfiuUs of tlio Nnntucket pine moth. Hhyarioiiia fmatrann. and the larger eouth- 
wo>torn tip motti. Hhyncionia inomcricann. 

was first reported bv Scudder in 187t'. from Nantucket Island, where it 
was said to be killing pines 20 to 30 years old. A few years later Corn- 
stock reported it upon Virginia scrub pine near Washington, D.C. Since 
that time it has been found generally distributed throughout the pine 
forests of North America. It attracted little attention in the East 
lietween 1870 and 1925, because the only damage it caused was a periodic 
i-eduction in the growth of small trees. In 1925, a severe outbreak, 
similar to that on Nantucket Island, developed on Cape Cod. 

The western vanety. 7?/i)/acionia frustranae bushnclli, has done very 
little damage in some localities, whereas in others it has been very 
injurious, especially to ponderosa-pine seedlings and small saplings. In 
the Lake states and the Black Hills, the Nantucket pine moth can be 
found in practically every stand of young pine, but it has never caused 
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serious injury. On tlio other Ijund, in the sand-liill plantations of tlie 
Xebraska National Forest, in Ohio \'alley plantings, and farther .south, 
it has been a most serious post. 

The number of generations per season varies with latitude. Only one 
generation occurs in the Lake states and the Black Hills, but in the South 
there may be three or, possibly, four. In the latitude of Xebraska there 
are two generations. This variation is. doubtless, one reason for the 
difTerence in economic importance of this species in different localities. 
In the Lake states and the Black Hills, where there is only one gener¬ 
ation, little economic injury results; whereas in Xebraska and farther 
south, where two or more occur, the injury to youi^g pine is severe. It is 
doubtful if this insect will ever be an important pest \inder climatic con¬ 
ditions that permit the development of only one generation per 
year. 

The life history of the insect in the East and in the West is very similar 
but varies somewhat more than is usually the case with the same species. 
The adult moths of both are small, with a wingspread of less than 3^2 I 
the front wings are marked with conspicuous copper-colored bands and 
spots. They emerge in the early spring and depo.sit their eggs on the tips 
of the young trees. After the eggs hatch, the tiny pale-brown larvae 
mine the buds or needles and also the expanding growth. 

In the latitude of Nebraska, they complete their growth by the latter 
part of June. They then transform to the pupal stage, which is spent in 
a thick silken cocoon, within the tunnels that they have mined in the tips. 
During the first part of July, the adults emerge. These moths of the 
first generation then deposit eggs on the young pine tips for the produc¬ 
tion of a second generation. This second brood is much more numerous 
than the first and does a correspondingly greater amount of injury. 
When the larvae of the overwintering generation reach maturity, they 
spin a cocoon in which to pass the winter. The eastern variety passes 
the winter in the tips, while the larvae of the western variety, when full 
grown, drop to the ground to spin their cocoons in the soil beneath the 
trees. 

The history of the Nantucket pine moth in the Nebraska National 
Forest illustrates well the danger, as mentioned in Chap. X, page 137, 
of shipping planting stock from one region to another. This forest is 
composed entirely of plantations, isolated from native stands of pine. 
Therefore, if clean stock had been used for planting, the plantations 
would, in all probability, have reached considerable size before pine pests 
could have invaded them. Instead, forest-pulled seedlings from Minne¬ 
sota, the Black Hills, and the Southwest were used in the original plant¬ 
ings. With the seedlings from the North came the Nantucket pine moth. 
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Altliougii innocuous in its original localities, this insect became an 
e,\ccc<lingly s<*rious pest in its new home. 

The infestation of Xaiitucket pine moth in Nebraska illustrates two 


other points mentioned previously: (1) control by introduction of an 
etTective parasite. Campoplex fruairauae, Chap. XI, page 157, and (2) 
the fundamental principle that a niche left vacant will soon be occvipied 
by jin organi.''in similar to the previous occupant, Chap. VII, page 93. 
The use of campoplex for a time was highly effective in controlling the 
Nantucket pine moth. Following its reduction, however, another closely 
ladated species took over. 4'his southwestern pine tipmoth, Rhyacionia 
nvomrxiraua. was presumably introduced on the original planting stock 
but was unable to compete with the high population of the Nantucket 
moth. I'nfortunately, control by campoplex has not continued to be 
effective, and it has been necessary to use aerial spraying for tipmoth 


cont rol. 

European Pine Shoot Moth. In recent years, the European pine shoot 
moth has received much attention because of the serious injury that it 
has cau.sed in pine plantations, e.specially on red pine. Much fear has 
l)een felt that this in.sect. which has now spread into much of New England 
and westward through Illinois, might invade the stands of native pine in 
northern New England and the Lake states. This danger now seems 
remote because it has been shown that the insect la unable to with.stand 
.succe.s.sfully the severe winter temperatures characteristic of most of the 
natural northern pine areas. A minimum temperature of — 18®F. results 
in the nearly complete destruction of the shoot moth. 

It i.s, and probably will continue to be, a serious pest in pine plantations 
in southern New England and other localities with a similar climate. It 
can be controlled hj' spraying the trees in midsummer with one of the 
chlorinated hydrocarbon insecticides. 

Pales Weevil. Another important meristematic pest of young pines, 
particularly in the Northeastern states, is the pales weevil, Hylobius 
pahs. This weevil is normally a secondary pest of mature pine, but the 
adults may be extremely injurious to seedlings (Peirson, 1922). It is a 
small brown snout beetle with light-colored markings on the elytra. It 
l)reeds in freshly cut logs, stumps, and injured trees, depositing its eggs 
in the bark during the early spring months. The larvae, resembling the 
young of the bark beetles, develop in the cambium region. When full 
grown, they form pupal cells by cutting depressions in the surface layers 
of the sapwood and roofing them over with shredded wool. This type of 
pupal case is often called a chip cocoon. The adults emerge in the spring 
months and, before ovipositing, they require fresh phloem of white pine 
for nourishment. In cutover pine areas, the small seedlings provide 





I'lG. 58. Adult of the white-jjiiie 
weevil. Pijssodcs strobi. 
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almost the only fresh phloem avaihahle. For this reason, the voun.. foes 

are attacked m the spring and sometimo.s ‘ ^ — 

entirely destroyed by hungry adult 
weevils. 

Planting of recently logged white-pine 

areas should be delayed until after the 

-second season following logging, unless 

-some means are used either to destroy the 

brood or to prevent the l>reeding of this 

weevil in the fresh stumps. On logged 

areas wliere a good advance growth of 

seedlings is already established, the stumps 

should be treated to prevent breeding of 

the weevil. This may 

he accomplished by 

barking or scorching the 

stumps or by spraying 

them with orthodichlorobenzene. 

White-pine Weevil. One of the con.picuo.i.s meri- 

»tematic insects of the eastern wliite pine in the sapling 

stage IS the white-pine weevil, Pissodes strobi This 

pest does not kill trees, but by killing the terminal 

shoot of the mam stem, it causes the trees to grow 

or ed and crooked and may, under some conditions 

aT «'>'"^^<'*‘‘->ntable for lumber (Graham,’ 
1926, MacAloney, 1930). 

The weevils are brown snout beetles somewhat 
smaller than the pales weevil and with more sharply 
distinct white markings on the elytra. They pass 
e innter m the litter beneath the trees. In the 
spring they emerge from hibernation to feed for a time 
upon the buds and inner bark of the leading shoots of 
young 'vhjte pines. They then deposit their eg^ “i 
chambers hollowed out of the inner bark, one to U.ree 
eggs m each chamber. The grub-like larvae work 
downward beneath the bark, destroying the phloem as 

fast who^f h I 

first ft horl of branches is reached, but in some instances 

whorl Tf P'*®® below the second, or even the third, 
whorl before reaching full development. When ful 


Fro. 59. Dia¬ 
grammatic draw¬ 
ing illustrating the 
position of eggs 
and newly hatched 
larvae of the 
white-pine weevil 
in the phloem of a 
white-pine shoot. 


cTfrttTTT. 1 -iuii aevelopment. When full 

forTn; t “ ‘be pith or wood, there Lns 

formmg to pupae. In late July and August, the young adults emlrg:; 
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Miui. aflor feeding for u short time upon the inner bark of the new growth, 

Ihev seek liil.ernation (luarters beneath the trees. 

Mtliough tlie white-pine weevil is primarily a pest of sapling pines, its 
activities are not confined entirely to such trees. Occasionally, large 
tre(‘^ may be attacked, but the injury that results is negligible. The age 
;(t which the trees are most susceptible is between 10 and lo years. 
.■\fu-r the 20-year mark is pas.sed. the proportion of infested leaders falls 

rapidly and soon becomes of little consetiuenee. 

'rids p<-s1 can be controlled by spraying the leading shoots in the early 
|)art of the siiring. C'rosley (1950J points out that, after spraying, 
tlie weevil population will reipiire 5 years to increase to original num¬ 
bers. 'rherefore, he concludes that two treatments, spaced 4 years 

apart, will carry a plantation 



Averoge loss per tree In feet 
Fic. GO. Efferi of white-pine weevil attack 
oil the height growth of sapling pines grow¬ 
ing at various degrees of density. 


through the susceptible period. 
Pruning and destroying infested 
shoots before emergence of the 
weevils are recommended as con¬ 
trol practice. Cline (1933) points 
out, however, that it is too costly 
to be justified unless, at the same 
time, it prevents the injury from 
extending below the topmost node. 

Studies in New England, New 
York, and Minnesota have all 
shown conclusively that trees grow¬ 
ing in a dense stand are less subject 
to weeviling than are trees growing 
in open stands and, also, that in 
dense stands the stimulation to 
straight growth is so strong that 
practically all weevil injury is 
For perfect results 1,700 trees per 


outgrown (Chap. XIII, page 184). 
acre are necessary in New York, whereas the standard density of 1,200 
trees per acre gives adequate protection under Minnesota conditions. 

It has also been shown by Peirson (1922) and others (Graham, 1918) 
that white pines growing under the shade of hardwoods are not attacked 


by the white-pine weevil. This explains why white pine that has grown 
with aspen or paper birch is seldom weeviled. 

Many white-pine plantings have been unduly weeviled because of open 
spacing or other reasons. Unless this damage can be repaired, they will 
not produce any valuable wood. Cline and MacAloney (1931) have 
shown that good results may be obtained by pruning crop trees so that 
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they will recover from weevil injury. This method of rehabilitating 
damaged stands has proved very profitable. 

Other Tip Insects. Numerous other meristematic insects attack the 


terminal parts of trees. Some of them are decidedly injuriou.s. altliough 
most of them are not usually important as pests. Several species of 


Pissodes are very injurious: for example. Pissodes (crminalia. on lodgepole 


pine: Pissodes entjehnanui, on Engelmann spruce; 


and Pissodes sitehentis, 


on Sitka spruce. Numerous small bark beetles 
belonging to Pityophthorus, Scolytus. Pityo- 
genes, Orthotomicus, Ips, and buprestid or 
cerambycid borers, such as Agrilus, Callidium, 
and Xeoclytus are frequently observed working 
in the terminal parts, but most of these are 
secondary and need not be considered here. 
References to some of the more important 
species will be found in the bibliography. 

INSECTS FEEDING ON SMALL ROOTS 

The meristematic insects considered thus far 
are those that attack aboveground parts; there 
are others that feed upon the small rootlets 
beneath the ground. These root-eating species 
are, for the most part, enemies of small trees, 
because the roots of the larger trees penetrate 
into the ground below the depth at which in¬ 
sects normally feed. Trees growing in nur¬ 
series and seedlings in the forest suffer severely 
as a result of the activities of root-eating 
insects. 

White Grubs. The most important insects 
feeding on rootlets belong to the white-grub 
group represented by the species of the genus 



Phyllophaga (Lachnostema) and certain other 
related genera. The genus Phyllophaga is by 
far the most important. These insects are 
closely related to the very injurious European 


Fig. 61. Tunnels of an oak 
twig girdler, AgrUus angels 
icu3, in a small red oak 
branch. (Univeraity oj 
MinncaoUi.) 


genus Melolontha. The phyllophagous white grubs are the larvae of the 
May beetles, of the family Scarabaeidae. These beetles are about ]4 inch 
or more in length, heavy-bodied, awkward, and brown or black in color. 


They emerge from the ground in early spring to feed upon the foliage 
of trees. At times, the beetles are so abundant that they may com¬ 
pletely strip oak woods. 
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'I'ho fomules deposit their eggs in the ground, close to their food plants. 
'I'he degree of larval infestation depends more upon proximity to food for 
the adults than upon the kind of vegetative cover (Veager, 1938). The 
lif(‘ cycle may show some \'ai'iations from species to species, but in gen¬ 
eral it is as follows. The young hatch in summer and feed for the 
remainder of the season upon organic material and roots near the surface 
of th(' soil. AVhen winter comes, mo.st species burrow deep into the 
ground and hibernate.' The next spring they work their way upward 
toward the surface and continue to feed on tlie roots of trees or hei- 
liaceous vegetation. With the arrival of fall, they again burrow deeply 
into the ground for hibernation, and the next spring they continue to 
fe(‘d upon I’oots. "I'lie larx'al growth is completed by midsummer. I hen 
the lar\ae make jmpal cells in the ground where they transform to the 
pupal stage. After an interval of a few weeks, transformation to the 
adult takes place, but the beetles remain in the ground until the following 

spring. Thus three full years are 
usually retjuired to complete the life 
cycle. 

In the South, the cycle may be 
reduced to 2 years, but in the extreme 
northern part of the United States 
and in a large part of Canada, com¬ 
pletion of the cycle requires 4 or 
possibly 5 years. Those species that 
have a 3-year life cycle are most 
injurious during the second season 
when the large larvae feed actively 
throughout the summer. During the 
first season, the larvae are too small 
to cause much damage, and in the 
third summer only a brief period is 
spent in eating, the greater part of 
that .season being spent in the prepupal, pupal, and adult stages. Those 
having a 4-year cycle are e.specially injurious during the second and third 
seasons, whereas those having a o-year cycle feed most during the third 
and fourth seasons. 

White grubs are sometimes exceedingly injurious in forest nurseries, 
particularly in transplant beds. Injury in nurseries almost always occurs 
in locations that are within a few hundred 3 ’ards of the food plants of 



l'ni. (>2. Larva ot :i white grub of 
tlic Komift Phyllophiiga. {University of 
M innesota.} 


' One important species in the Northern forest areas, Phyllophaga drakii, remainr 
near the surface during the winter. 
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the adults. Oak is one of the favorite adult foods for several of the more 

important species. Other species feed on aspen, paper birch, junehei ry, 

New Jersey tea, and many other woody plants, including pine in a few 
instances. 

Ihe beetles feed at night and pass the day in the soil where tliey lay 
their eggs. Formerly, it was thought that'the beetles would oviposit 
only in soil that was covered by vegetation, but this is not correct, as 
their oviposition has been observed in nursery paths and bare areas of 
washed sand. Ihus tlie former recommendation to screen the beetles 

from seedbeds is not effective, since tlie larvae can move info the beds 
through the soil. 

A far more practical method is to destroy the favored food plants of 

the adults for a distance of 300 or AOO yards. liecause different beetle 

species are injurious in different localities and each has its own food 

preferences, the identity of the beetles causing damage ami their food 

preferences must be determined locally before this recommendation can 

be applied. Chemical control of white grubs in nurseries is covered in 
Chaps. VIII and IX. 


In forest plantations, the damage from white grubs is sometimes tre- 
mendous. In the Lake Superior State Forest and the jManiuette 
Nationjd Forest in Michigan the grubs have completely destroyed many 
plantations. In other places, periodic injury occurs. It is not at ail 
uncommon, however, for grubs to destroy from 10 to 25 per cent of the 
planted trees in a single season. At present, little can be done to pre¬ 
vent sucli loss, except to avoid planting on lands heavily infested witli 
grubs. 


Various species belonging to genera of lameilicorn beetles, other than 
Phyllophaga, also feed on the roots of trees but are not nearly so danger¬ 
ous (Yeager, 1937). Some of these genera are Serica, Diplotaxis, Macro- 
dactylus, Dichelonyx, Pachestethus, and Anomala. 

Root Weevils. Several root weevils belonging to the genus Hrachy- 
rhmus, are sometimes very injurious to coniferous trees in the nursery 
(Gambrell, 1938; Shread, 1950). lor example, the strawberry root 
weevil, Brachyrhinus ovalus, is a general feeder that attacks many differ¬ 
ent kinds of plants. The larvae live in the soil and eat bark from the 
small roots. This stripping of the roots results in the death of the trees. 
Almost all species of conifers are attacked, but the beetles in a locality 
may have a special preference for certain species. Hemlock, white cedar, 
and various spruces are attractive to them. 

The adults are small black weevils, about ^ inch long, with the head 
pronged only slightly into a broad snout. They cannot fly, a fact whicli 
probably explains the spotty character of their infestations. The larvae 
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,re lyi.ical k'^less weevils and lie, when at rest, in a curved position in 

Tho.se in.so< ts Imvc only one generation per year. Ihe young adults 
emerge from tlie pupal stage late in June and, after a period of feeding, 
i.egin to oviposit. A certain proportion of the adults may live over 
winter about 20 iier cent according to Gambreirs observations. I re- 
sumabiy they continue to oviposit throughout the growing season, but 
tiie greater number of eggs are deposited during June and July. There is, 
bowe\'er (-(Uisiderable variation trom year to year. 

Poisoned baits have proved effective for control of the adult beetles. 
Bait sliouhl be scattered lightly on the ground in the evening, so that it 
will be in an attractive condition when the nocturnal beetles are abroad. 
Poisoning the soil is described in Chaps. IX and XIII; the use of syn¬ 
thetic organic materials is also effective when practicable. Gambrell 
found tliaf some control could be obtained by spraying the trees on 
which the lieetles were feeding, using 0 pounds of calcium arsenate per 
100 gallons of water, with a suitable spreader, presumably calcium case¬ 
inate Spraying was not so effective as baiting, except in wet weather. 

Other Small-root Insects. In addition to the white grubs and weevils 
there are a number of insects of lesser importance that feed upon the 
small roots of trees. Some of the cecidomyid gall insects attack the root 
meristem and there produrc galls. Some other members of the Diptera 
also attack tlie small roots, but they are all of minor importance from 
the economic viewpoint. Other soil-inhabiting insects, such as wire- 
worms, will feed upon the small roots and, if numerous, may cause con¬ 
siderable injury to seedlings, either in the forest or in the nursery. 

J'hc wireworms belong to the family Elateridae of the order Coleoptera 
and, like the white grubs, feed in the larval stage upon vegetable material, 
including plant roots. The adults of this family are commonly called 
click beetles. TTiey are heavily chitinized flattened beetles resembling 
some of the biiprestids in form. The larvae are slender, elongate, and 
heavily chitinized; hence the name wireworm. The legs are feebly 
developed. 

These insects are found most commonly in comparatively heavy moist 
soil that contains a considerable amount of undecayed plant materials. 
Small trees growing in such locations are most likely to suffer injury from 
these posts. Soil poisoning with benzene hexachloride has proved to be a 
satisfactory way to control wireworms, but the precautions discussed in 
Chap. IX should be observed. 

Since root-eating insects are hidden in the soil, much of their injury 
escapes observation. Not until the damaged trees show aboveground 
evidence of their activities do foresters, as a rule, consider these insects 
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in forest practice. This is a mistake. Direct control in the forest has 
limited possibilities, but by anticipating the activities of root eaters, 
much can be done to avoid their effects. For example, during moist 
seasons moderate injury to the tree roots is repaired promptly bj' \'igorous 
root growth. Then young trees are able to become established in spite 
of considerable injury. In dry years, on the other hand, even a slight 
amount of damage may be fatal. Long-range weather forecasting now 
permits general weather predictions a year or even more in advance, and 
more use should be made of these forecasts in preparing planting plans. 
When dry seasons are predicted, plantings should be made only in areas 
that are relatively free of root eaters. When moist years are predicted, 
infested areas may be planted with the reasonable expectation that the 
trees will become established in spite of some damage. 



CHAPTER XVH 
PHLOEM INSECTS 

Mcristem insects that attack the trunks and larger branches of trees 
:ire discussed in this chapter. They live in the phloem and the soft 
tissues of tlie xylem. With certain groups, the Scolytidae for example, 
even tlie adult stage is spent in the phloem. Among the phloem insects 
lire some of the most destructive forest pests and also many species that 
never kill or seriously injure healthy forest trees. Representatives ol 
several orders live in the phloem, but the most injurious belong to either 
the Lepidoptera or the Coleoptera. For purposes of discussion, it is 
more con\ enient to divide the phloem insects into two arbitrary groups, 
the borers and the bark beetles. Insects belonging to both these groups 
feed on the inner bark during the developmental period, but in the former 
group the larvae, and in some cases the pupae, are found in that region, 
whereas in the latter group the larvae, pupae, and adults all usually 

inhabit the phloem. 

PHLOEM BORERS 

Although most of the phloem borers are members of the Coleoptera, 
there are some members of the Lepidoptera in this group. Most common 
of these, perhaps, are the pitch moths. Although there are numerous 
.species in this group, the life cycles and types of injury are very similar 
for all of them. The well-known pine pitch-mass borer adequately illus¬ 
trates these lepidopterous pliloem insects. 

Pine Pitch-mass Borer. The adult pine pitch-mass borer, Vesparnima 
pini, is one of the dear-wing moths of the family Aegeriidae. In shape 
and coloring, these moths suggest wasps; consequently, members of this 
family are frequently cited to illustrate protective coloration and mim¬ 
icry. This insect does not kill the trees but causes defects that lower the 
value of the lumber made from them. 

The adult moths appear in midsummer and depo.sit their eggs on the 
bark of the host tree, usually at the edge of a wound. The larvae, which 
arc typical caterpillars, spend 2 or 3 years in the developmental stages. 
During this period they feed in the phloem and adjacent tissues, in which 
each larva excavates a broad chamber near the point where the egg was 
deposited. After the larvae have become full gro^^'n, they transform to 
the pupal stage in the pitch mass accumulated over the burrow. Just 
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before the adult moth is ready to emerge, the pupa works tlic anterior 
portion oJ Its body out of tlie stieky mass of resin, so tliat the molii may 
emeige witliout bei'oming entangled. 

The control of pitch moths is very diflicult in the forest. The system¬ 
atic examination of the trees, in order to secure the destruction of larvae 
by mechanical means, has been recommended for certain species, but 
-such an operation would be economically justifialile only on ornamentals 
or where extremely severe infestations occur in very valuable timber. 



Fia. 63. Injury to Douglas fir by the Douglas-fir pitch moth. A pilcli pocket is in the 
process of fonnatioii the callu,s growth closes over the wound thus enclosing the pitch 
mass. {Bureau of Entomolooy and Plant Quarafitine,) 

Because moths seek wounds and scars for oviposition, the prevention of 
mechanical injury to trees, or any treatment that tends to stimulate the 
rapid healing of wounds, will reduce the amount of injury by the pitch 

moth. Thrifty trees growing on a suitable site are less susceptible than 
are trees growing on poorer sites. 

Sugar-maple Borer. By far the greater number of the important 
phloem borers belong to the order Coleoptera. Some of these are Ceram- 
bycidae, long-horned or round-headed borers. Certain of these beetles 
are primary whereas others are secondary. Among the former are some 
of our best-known forest pests. The latter play an important role in 
hastening the death of overmature and decadent trees (Hall, 1933), and 
in speeding the decay of logging waste by opening the way through the 
bark for fungous infection. 
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AnioiiK tlio ccr;inil»y('i(l phloem borers one of the most striking and 
l»('st-kno\vn examples of a primary species is the sugar-maple borer, 
(I'h/rohifis (Phfiionotus) sjuriosKS. This insect confines almost all its 
l.trval activities to the phloem and adjacent soft tissues. Only when it 

reache.s full growth does it pene¬ 
trate into the sapwood, there to 
form its pupal cell. 

The adults are beautiful black 
beetles, almost 1 inch in length, 
marked witli yellow stripes. They 
emerge in midsummer and deposit 
their eggs in slits cut with their 
mandibles in the bark of sugar- 
maple trees usually on the trunk. 
The larvae tunnel through the bark 
and take up their injurious labors 
in the phloem. There they pass 
the winter and in the year following 
accomplish the greatest injury. 
Since the larvae tend to tunnel 
around the tree rather than length¬ 
wise of the trunk, a very few of 
them working close together may 
girdle a tree and kill it. Usually, 
however, the larvae are not gre¬ 
garious, and consequently the in¬ 
fested tree does not immediately 
die. The killing of patches of bark 
opens the way, however, to the 
attack of other organisms. The 
larvae attain full growth by the end 
of the summer following the year of oviposition. At that time they 
tunnel into the wood where the pupal cell is formed; there the second 
winter is passed in the prepupal stage. The pupal stage occurs the 
following summer just previous to the emergence of the adults. Thus a 
period of 2 years is required for the complete life cycle of this insect. 

To control this insect in ornamental trees, it is advisable to destroy 
badly infested trees. In moderately infested ornamentals, the larvae 
may be cut out and destroyed. This work should be done as early 
as possible in the life of the insects so that the resultant wounds may 
be small and, as a result, quick to heal. The presence of young larvae 
is indicated by the exudation of frass and sap from the egg slits. 



Fig. 01. Pitch-blibtcr moth, Petrova albi^ 
cajiUuna, nilnck on jack pine. The larvae 
working; in the phloem arc covered by hoU 
low bli>ters of pitch which protect them 
from eiiomies and evaporation. By par- 
tiall>* girdling the stem at u node, this insect 
cao.<C9 breakage and deformation of young 
trees. 
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In woodlands and groves, the presence of a iiixuriant undergrowtli is 
said to reduce the danger of infestation by this l)eetle. The Ijcetle is 
a light-loving species; hence trees in the open are more subject to attack 
than are trees in closed stands. This fact sliould be borne in mind 
when improvement cuttings and thinnings in hardwood forests are 
contemplated. 

Two-lined Chestnut Borer. Another large group of coleopterous 
phloem insects are members of the family Huprestidae. the metallic 
wood borers or flatheaded borers. 

Some of these species spend their 
entire larval period in the phloem, 
for example, the two-lined chestnut 
borer, Agrilus bilineatus. This in¬ 
sect attacks chestnuts, oaks, and 
possibly beech, and is widely dis¬ 
tributed east of the Rocky Moun¬ 
tains. The beetles after emerging 
in late spring or early summer de¬ 
posit their eggs on the bark of their 
host trees. They are black beetles 
about ^ inch in length and slender 
in form. These beetles are more 
or less gregarious, and the eggs are 
usually deposited rather close to¬ 
gether on attractive portions of the 
trunk and larger branches. Like 
those of most buprestids, the eggs 
are cemented to the bark. In 
hatching, the young larvae cut 
their way directly through the bark 
to the phloem. There they tunnel 
transversely between the bark and 
the wood. Working in groups, they 

promptly girdle the trunk or branch and may, if they are sufficiently 
numerous, kill a large tree in a single season. The larvae are elongated 
flattened grubs wth the head invaginated into the somewhat expanded 
prothorax. By autumn having completed their growth, they tunnel into 
the bark and there form their pupal cells in wliich they pass the winter 
as prepupae. In the spring they transform to the pupa and in June 
emerge as adults. Prior to ovipositing, the beetles feed for a time on 
foliage of the host trees. 

The two-lined chestnut borer is a light^oving insect. The adult 



Fio. 65. Larva and tunnels of the two* 
lined chestnut borer under the bark of oak. 
Agrilus larvae such as this insect are more 
slender than most other buprestids. (C/ni* 
ver^ity of ^f^nnesota.) 
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beetles like to l>ask in the sun, hence, they are likely to deposit their 
e«;«;s on trees standing alone. The species is, therefore, more injurious 
to ornamental trees tlian to trees growing under forest conditions. In 
some localities, the two-lined chestnut borer frequently work.s with the 
root rot, Armillaria nicUia, a parasitic fungus. Armillaria, unlike tlie 
borer, appears to attack trees growing in woodlands and kills groups of 
trees. Around the edges of these killing.s, the two-lined chestnut borer 



Kio. 00. Fpcditig of ngriliis adults on a rod oak leaf. Feeding of this sort is cJiaracteristic 
of many adult tjeetlos. {Uuipiraiiy of 


finds a desirable place and usually joins with the fungus in continuing 
the de.struetion of the trees. A tree tliat is heavily infested by this insect 
is almost certain to die: the tunnels resulting from a light attack, on the 
other hand, are often overgrown in healthy vigorous trees. 

Ihore is a difference of opinion concerning the primary character of 
tins beetle. Some believe that it attacks only decadent trees and is, 
therefore, secondary. Available evidence, however, indicates that, in the 
Northern sections of the United States, trees of the black-oak group, 
apparently growing under normal conditions, are frequently killed by 
this insect. Farther south, however, conditions are more favorable for 
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the growth of oak, and there, only decadent trees are attacked. Evi¬ 
dence is accumulating to indicate that trees growing in tiie most favorable 
part of their range are much less susceptible to insect injury than those 
growing near the outer less desirable limits. When ornamental trees are 
growing on favorable soil in climatic areas to which they are suited and 
where they are well cared for, they are seldom injured by borers. On 
the other hand, ornamentals that are grown under distinctly unfavorable 
conditions are more subject to injury than are trees growing under 
natural forest conditions. Special care must be exercised to maintain 
the health of ornamental trees, and in the forest to maintain favorable 
growing conditions. Grazing and repeated burning of oak woodlands 
endanger the health of the fore.st and may lead to the attack of such 
insects as the two-lined chestnut borer. 

Direct control practices .should not be necessary to protect forests from 
this borer, if oaks are maintained in a thrifty condition. However, when 
armillaria and oak wilt are common in a localitj', it may become exces¬ 
sively numerous. Then, spraying valual)le trees with DDT to kill the 
adult beetles as they feed on the leaves may be advisable. 

Bronze Birch Borer. Several other species of the genus Agrilus, sel¬ 
dom of major economic importance, attack and injure forest and orna¬ 
mental trees. One, however, the bronze birch borer, Agrilus arixius, is 
an especially well-known forest and ornamental-tree pest. In parts of 
the United States it has made impossible the growing of birches as orna¬ 
mentals. Even in the forest, overmature stands, slow-growing birches 
on poor sites, and trees left on cutover areas are attacked and killed by 
this insect. Like the two-lined chestnut borer, the bronze birch borer 
stands on the border line between the secondary and the primary insects. 
On cutover lands many trees that have apparently been killed by this 
borer, have actually died from adverse physical effects (Hall, 19.33). In 
other instances subnormal trees that might have survived for j^ears have 
been attacked and killed. 

Therefore, the protection of birches from this insect depends, to a 
considerable degree, on maintaining the trees in a thrifty condition. 
With ornamental trees this can be accomplished by proper mulching, 
fertilization, and irrigation. The effects of soil quality and overmaturity 
on thrift were discussed in Chap. XIII, but the effect of exposure to the 
sun’s rays, especially from the south and the west, deserve special com¬ 
ment. Birches so exposed in the course of logging operations are likely 
to be attacked and die within a few years. Therefore in partial cuttings, 
special care should be exercised to avoid leaving the trunks of birches 
exposed to the sun. Either birches should be cut, or they should be left 
shaded by trees less subject to exposure, such as sugar maple. 
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Melanophila Beetles. Several buprestid species of the genus Mela- 
nophila have attracted considerable attention. One of these is the hem¬ 
lock borer. Melanophila fuliofjuttata. This insect is a flattened, metallic 
black beetle with three .small white spots on each elytra. The larvae 
are legless grubs with the widened prothorax characteristic of most 
Imprest ills. 

The hemlock in the Lake states underwent severe attack of the hem- 
lf)ck looper, lMmh(linn Jiscetlana, about 1922, but examination of the tree 
rings of the surviving trees indicated that in every case the trees had 
recovered i)y 1930. From 1932 through 1937, the excessive mortality 



1 * 10 . r>7. Tunncl?i of tho licmlock borer, MdanophUa /uhoguttata. The long transverse 
tiiiuiel roprosents an utisucresvsful attack made while tlic tree was alive. The others are 
successful attacks made immediately after the tree died. 

of hemlock was attributed by some to injury by the hemlock borer. 
However, a check-up of conditions during these years shows that, except 
in 1935, drought prevailed, and examination of the tree rings revealed 
that the hemlock was growing at an exceedingly slow rate during that 
period. Investigation of the situation disclosed that drought was the 
chief cause of death, with the borer acting only in a secondary capacity. 

Some tree killing on cutover lands has sometimes been attributed to 
the borer, when the actual cause of death was exposure. Hemlock is a 
very sensitive tree; on cutover lands it is affected, as is birch, by exposure 
to the sun's rays and often dies as a result of exposure or a combination 
of exposure and borers. Also hemlock is easily injured by trampling 
about its roots. Such mistreatment is likely to he followed by deca- 
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dence, borer attack, and death. Therefore, it i.s inadvisable to u.so thi.s 
tree for shade on camp or picnic grounds, or to u.se iiemloek groves for 
such purposes. 

The eggs of the hemlock borer are deposited in groups deep in the 
bark crevices, where they are cemented firmly. The young larvae pene¬ 
trate directly through the bark to the inner phloem. If coinlitions are 
unfavorable for them, they do not reach the cambium but cut tiansver.sc 
tunnels in the phloem until they die without seriously injuring the tree. 
If conditions are favorable, the 3 ' penetrate the cambium and construct 
tortuous, frass-filled galleries just outside the wood until their growth is 
completed. Then they cut their pupal cells in the outer bark where thej' 
pass the winter as prepupae. The 
following summer they pupate and 
emerge during June and Julj', to mate 
and oviposit, thus completing the life 
cycle. 

Another species, Melanophila cali- 
fornica, is an important insect in 
overmature ponderosa-pine forests of 
California and Oregon, especially on 
the drier sites (Keen, 1952). It at¬ 
tacks apparently healthy trees in the 
top. Often the attack maj" be un¬ 
successful, and the attacking larvae 
either die before reaching the phloem 
or cut very short galleries before 
they are killed. These galleries are 
promptly overgrown by wood. Only 
when the tree becomes decadent are 
the larvae able to develop to maturity. Then they kill the tops of trees 
that might have continued to live. 

Some authorities feel that repeated unsuccessful or incipient attacks 
by this beetle may so weaken the trees that eventually they become 
subject to the attack of the western pine beetle. This has not been 
proved, but it seems evident that the presence of incipient flathead 
injury is an indication of a subnormal condition that is conducive to 
dendroctonus attack. 

ENGRAVER BEETLES 

We now come to the second group of phloem insects, the bark beetles 
of the family Scolytidae (Ipidae). Most of both the genera and species 
of this family are found in North America. Each genus of this family 
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Fig* 68* Larvuc of Melnnophtla cnli^ 
fbrnica. Observe tlie widened protho- 
rax into which the head iiivaginatcd. 
(Bureau of Etdomology and Plant 
Quarantine.) 
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lias a charactoristic manner of 
between the individual .<peeies, : 
^vo!•kinJ^ and tli(“ii' life iii.''torios. 


working: and there is much variation 
IS to both their eliaraeteristic manner of 
Almost all members of this family are 


tree-inh:d)iting insects. 



Fig. r>9. Some common forms of bnrk-t>optle palleries. n. Transverse tunnels of 5co/j/tn< 
veiilnilU. b. Ips ptrlnrlmlus. n species cliaracterizcd l>.v hiramous tunnels, c. Longi- 
tmiinal tunnel of tlie e.-tsterii spruce beetle, Dcmirovlonus piceaperdn. rl. Broad and usu¬ 
ally short gallery of D. vuleiiK. the re<l turpentine beetle, e. Sinuate gallery characteristic 
of the western pine beetle. D. hrfriromin. f. Longitudinal, elongate tunnel, usually 
j-siiaped. elmracterisiic of the mountain pine beetle and the Black Hills beetle, D. montiedae 
ami i>. ponderosae. g. /i. and i. Hudiate tunnels characteristic of various species of ips 
beetles. I. oregoni, I. pint, and I. calligraphua. j. Longitudinal tunnel of Phloesinus 
canndcfuiii. 


Certain traits and habits are common to all bark beetles. For instance, 
all true bark beetles excavate egg galleries in fresh phloem. The larvae 
work away from the egg gallery, mining in the succulent tissues of the 
inner bark until they are full grown. At the end of its larval gallery, 
each larva excavates a pupal cell, usually between the bark and the wood, 
but sometimes in the sapwood or in the outer bark. The pattern formed 
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by the tunnels is speeifio in character, an expert heinji able, usually, to 
identify the species of beetle from its work alone. 

Most bark beetles are secondary in character, but sonu* are important 
primary pests. Some stand in the middle ground and are iisujilly second¬ 
ary, although they may occasionally ber-ome ])rimary. Only under favor¬ 
able conditions are these intermediate forms able to attack and kill livim^ 
trees. J he balsam-tir bark beetle. Pitwht< im s .'<p(irsiis. is an (*xampl(* of a 
bark beetle that appears never to be primary, d'he piiu* engraver, Ips 
pifii and also Ips pvrroti and J*ityo(iinv.s hoplinsi arc usually secondary, 
but when they occur in excessively large numbers, they may kill a few 
young trees. Other species of ips. particularly .some of the western 
species such as the tive-spincd engraver, /ps einaiyhialus, and the four- 
spined engraver. Ips orecjoni. may l)ecome primary temporarily and attack 
living trees, especially in tlie upper parts. 

Western Engravers. A number of serious local outbreaks of the five- 
spined and the four-spined engravers have occurred in ('alifornia and 
Oregon on ponderosa pine, d'hose outbreaks have often been in vigorous 
Stands growing under favorable site conditions, and almost invariably 
have been associated with sporadic logging operations. .Vccording to 
Struble and Hall (1950), the five-spined engraver passes through four or 
occasionally five generations during a .season, the overwintering beetles 
emerging in the early sj)ring the final brood overwintering under the bark 
of the attacked trees or .slash. 


In the spring, the overwintering beetles are unal)le to breed success¬ 
fully in living trees and, therefore, must have a supply of fresh slash if 
they are to multiply successfully. They prefer pieces of .slash ranging in 
.size from G to 24 inches in diameter and cut after January first. Fall- 
produced slash after lying on the ground over winter is unsuitable for 
breeding. When an abundance of fresh sla.sh is available, the emerging 
beetles multiply rapidly. 

The males cut through the bark into the phloem whore they excavate 
a nuptial chamber. They are there joined by females, usually four in 
number, each of which excavates a separate egg gallery in the phloem 
from the nuptial chamber. As they extend their galleries, the females 
push the frass into the nuptial chamber from which the male relays it 
to the outside. Thus the galleries of the engraver beetles are kept clear 
of frass. Accumulations of brown frass about the entrance holes is con¬ 
spicuous evidence of the presence of the beetles beneath the bark. The 
eggs are deposited in separate niches along the sides of the egg galleries, 
and the larvae work through the phloem. On completion of their devel¬ 
opment, the larvae form the pupal cells between the bark and the wood. 
By July, hordes of young adults, averaging 150 per square foot, emerge 
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!n>m the sla.sli aiul frcsli breeding places. If logging has been con- 
tinuc.l and fic-sli dash is. thcrcf..re. available, tlie emerging broods con- 
timic to work in that material. If, however, the supply of slash is limited, 
t hey attack living trees. This is possible because by July the trees, hav¬ 
ing completed their vigorous spring growth, 
are unable to repel an en masse attack by 
the beetles. 

Treatment of slash in the spring and early 
summer is, therefore, the key to successful 
.'-i control of these engravers. W ithout a sup- 
^ ply of freshly cut green material, large popu¬ 
lations of tlie beetle cannot develop. Since 
slash cut in fall and early winter has become 
unsuitable for the beetles by spring, thinning 
operations, clearing for road construction, 
and. in so far as practicable, logging opera¬ 
tions .should be conducted between August 
and January. 

Struble and Hall recommend three differ 
ent treatments to control the beetles in fresh 
slash: (1) lopping and scattering the slash so 
as to expose the main stem to the sun, which 
results in the death of all beetles on the upper 
side and encourages drying on the lower side 
of this material. (2) piling the uninfested 
slash and immediately spraying the piles with 
an oil solution of DDT, (3) treating infested 
slash with a coarse spray using a 12 per cent 
solution of orthodichlorobenzene in fuel oil. 

Pine Engraver Beetle, Of all the eastern 
engravers, the pine engraver beetle is the 
best-known species. It is common through¬ 
out the eastern half of the United States and 
Canada and may occasionally become pri¬ 
mary. Its habits and life history are very similar to that of other species 
of the genus. The adults are small, black beetles about % inch in 
length. As is the case with all the members of the genus, the caudal 
portion of the elytra, called the declevity, is concave and bordered on 
each side with spines. In the opinion of Trag&rdh (1930), this modi¬ 
fication is useful for keeping the galleries free of frass and represents a 
very high degree of specialization. The declexdty gives the beetle the 
appearance of having the rear end of the body cut off sharply. The 



Fio. 70. Ponderosa pine 
attacked by tho n^ountain pino 
l)cetle. Observe tlie long longi^ 
t udinal galleries cliaractcristic 
of tills lieetlc. {Biircau of Ento- 
molooy ond PlatU Quarantine.) 




beetles attack freshly cut or unhealthy piiu's and. to a lesser extent, 
spruce. After completing their dc^vcdopiiuait. the young adults fee<l for 
a short time in the inner hark and then emerge \o se(‘k fre.'^h material in 
which to start a new generation. In the North, then* is hut one gener¬ 
ation of this engraver during a season, hut iti the South, because of the 
longer and warmer season, there may he a.s many as tliree or possibly 
four. Some engraver beetles pass the winter under the bark of their host 
trees, but the pine engraver beetle hibernates in the litter on the ground. 

Control of the pine engraver beetle is usually unnecessary, but ocea- 
sionully it may become sufliciently numerous to rctpiire protective meas¬ 
ures, especially during drought periods. As in tlie case of the western 
engravers, if logging is carried on periodically and not continuoii.sly, 
beetles of the genus Ips in the East 
may temporarily become .sufficiently 
abundant to kill some living timber, 
especially seedlings and saplings. The 
recommendations for the control of 
the western engravers are equally 
appropriate for the eastern species. 

However, in the Northern state.s, slash 
cut later than October is usually suita¬ 
ble for infestation in the spring. 

Usually, materials cut between August 
1 and November 1 will be unsuited 
for attack the following spring. 

The pine engraver beetle is one of 
the insects that often causes the 
loosening of the bark on rustic pine 
materials. Rustic buildings and fur¬ 
niture may be protected from this in¬ 
jury by careful sun curing or by the 
chemical treatments described in 
Chaps. VIII and IX. 


DENDROCTONUS BEETLES 


The bark beetles of the genus 
Dendroctonus are by far the most 
important beetle enemies of living 
trees. The tremendous annual losses 
occasioned by the attack of these 


Fia. 71. Winding egg galleries of the 
western pine beetle under the bark of 
pondorosa pine. (Bureau c/ Bnlomcloou 
and Plant Quarantine.) 


beetles has already been discussed. 

All the species of this genus are not equally injurious. Some, for example. 
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tlie red turpontino beotlo, Ihndrocionus vakns, and the black turpentine 
iM'ctle. Ikudrovtonus Urvhrans, are practically always secondary. Most 
specic.s arc pests of mature timber under ordinary circumstances, but 
wlicn they become epidemic, some will attack indiscriminately any tree 

above fl iuche.s in diameter. rejJiardless of condition. 

The most important species of the genus are the southern pine beetle, 
Dtndroctonus frontalis; the eastern spruce beetle, Dendroctonus piceaperda; 
the I'uigelniann spruce bei'tle. Dnidroclonitfi cnyehnanni; the Black Hills 
beetle, Dendroctonus ponderosac; the mountain pine beetle, Dendroctonus 
montiredfic; and the western pine beetle, Dendroctonus brevicomis. At 
times otlier species, for e.xample, the Douglas-fir beetle, Dendroctonus 
psendolsinjae, may become abnormally abundant and cause severe injury. 

Character of Attack. As each species of dendroctonus has its own 
special habits, it is not easy to generalize concerning either their life 
history and haliits or their economic status. Even the same species may 
l)ehave ditTerently in various parts of its range so as to recpiire variations 
in control metliods. ()n the other haml. they all ha\e ceitain features 

in common. 

One characteristic common to all important economic species is their 
gregarious habit of attack. They select certain individual trees or groups 
of trees and attack on masse. This procedure results in the prompt death 
i>f the tree and a rninimvim flow of resin to hamper the beetles. Although 
the beetles are abh* to cope with a moderate amount of resin for a short 
time, tliey are overwhelmed or driven from the trees by a continuous or 
copious flow. For this reason, not even the most aggressive species are 
able to attack .succe.'isfully as individuals. Even when a moderately 


large number of beetles attack a particularly vigorous tree, the attack 
mav not succeed. Such a failure is indicated by the presence of numerous 
large pitch tubes on the bark. 

Typical Life History. The life histories of dendroctonus beetles vary 
in deta il but are similar in many respects. The adults work in pairs 
and cut egg galleries in the phloem. Unlike the engravers, the beetles 
of this genus tlo not keep the egg galleries clear of frass. Some frass is 
cast out of the entrance tunnel when the gallery is being started, but by 
the time oviposition has been completed, most of the egg gallery is packed 
with frass. This characteristic will usually distinguish the galleries of 
the dendroctonu.s beetles from those of the engravers. The larvae work 
away from the egg tunnels, feeding on the phloem. When full grown, 
they form cells in either the phloem or the outer bark, where they pupate 
and transform to adults. The winter is passed in all stages except the 
pupa. The overwintering brood completes development in the spring 
so that the peak of adult emergence occurs in July, although some beetles 
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are flying tlirongliout the season. In t lie Xori fj ami ai higher ele\alion'^. 
t liere is usually one geiua at ion oi' oii<- a in 1 a pn 11 ial >i-i-oii< 1. hut m \va rinei' 
localities there are se\-eral generaiioii> .luring the siamon 'I'ahle X sum¬ 
marizes the characteristics of the more important (lend)oetonus beetles. 



I-'io. 72. Pupae and young adults of the iiioiintain pine beetle in tlie bark of .'-ugar pine. 
Observe the elongate egg galleries partl.\- filled with frass. (.Bureau of Entomotogy amt 
Plant Quarantine.) 


Necessity for Control. In many localities the fate of the existing 
virgin forests depends upon the ability of the forester to cope with tlie 
dendroctonus problem. At times the ravages of the beetles have been 
so damaging that many timbcrland operators liave felt compelled to 
lifluidate their holdings in the shortest possible time in order to save 
them from the beetles. Unless those reserve stands arc removed over 
as long a time as possible, we cannot obtain, in the next tree generation, 
the normal distribution of age classes so essential to good forest eeononn-. 
Thus, the beetle hazard has been a threat to sustained yield management. 
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Forest landowners in tlie West can he persuaded to practice forestry 
on a sustained yield basis only if the entomologist can convince them 
that it is possible to control the 
dendroctonus beetles. Tlie control 
measures may be aimed at the pre¬ 
vention of outbreaks or their direct 
suppression. 

Preventive Practices. In the pre¬ 
vention of bark-beetle outbreaks, as 
discussed in Chap. XIII. it was 
pointed out that tree classifications 
and risk rating could be used as a 
guide for the removal of high-risk 
trees in the mature forest. This 
sanitation salvage cutting can be 
used successfully to reduce the 
hazards from the less aggressive 
dendroctonus beetles, such as the 
western pine beetle. It is applica¬ 
ble to overmature stands and to those on relatively poor sites. 

Protection of the j'ounger forests from the attack of the more aggressive 
beetles, such as the mountain beetle and the Black Hills beetle, presents 
problems of control that have not been completely solved. However, 
under endemic conditions, even these aggre.ssive species prefer djdng and 
decadent trees. Epidemics build up in windfall or fire-killed areas, or in 
forests where the stand is lacking in vigor. Therefore, the prompt 
utilization of recently killed or dying timber will often prevent out¬ 
breaks. Also the application of practices presented in Chap. XIII, 
designed to maintain thrifty growth, should materially reduce the chance 
of outbreaks in any stand. It is a desirable practice to leave freshly cut 
logs on the ground during the beetle flight and, after they are infested, 
to utilize them as promptly as possible, in order to destroy the beetles 
in them. 

When to Use Suppressive Practices. When dendroctonus beetle num¬ 
bers continue to increase beyond the endemic level, then direct methods 
of control must be applied if disastrous outbreaks are to be prevented. 
The changing complex of bark-beetle populations emphasizes the neces¬ 
sity for the annual detection and appraisal activities discussed in Chap. 
III. To decide when control measures should be applied is not always 
easy and must rest upon the factual foundation provided by the detec¬ 
tion and appraisal of conditions. 

After evaluating the results of many control projects, some effecl'v? 



Fio. 73. Adult inounts\in pine beetle. 
{Bureau of Entomology and Plant 
Quarantine.) 
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ancl somo inolTpHive. C'n.isheiicl H al. (1931) formulated general rules to 
use in deriding I lie desirability of dirert control for dendroctonus beetles. 
'I'liev were revised by Keen (1940) in so far as they apply to the Pacific 

[:20recn camb:um U^ips ^O.Bro/icom'saRdck ^flalheod aihck ^Foliage 


Green 

Carnb'urri 


D.B A 
brood 



Green, 
fading, 
or sorrel 

Ips or- 
fbthcads 


Fading, 
sorrel, 
or red 


• * 




Sorrel 
■ or red 


Ips or 
flalheads 

■ Fading, 
sorrel, 
or red 


• * • 



Sorrel 
or red 


FlalbeadsI . H&d 


A r 




* « 


* • 


Qreen'' 
Cambnjm 


Fading, 
sorrel, 
or red 


Green 
or fading 

0.8 and 
flatheads 



Sorrel 
or red 



• « 


Sorrel 
or red 


■ Green 


TYPE I TYPE 2 types TYPE4 TYPES 

7-4. ill tiip «•»>? of pondorosa pine, insect attack oliserved near t)ie base of the tree 
lioos iHit ru-fes>nril.\' intlicatc the cause of mortality. Color phases indicate that death uau- 
nll.v proercssios from tlu* top of the tree downward and that the initial attack is often by ips. 
{linn.nu of Rntomohmu '"til Pluitl Qunrnnlinr.) 


Coast states. The.sc rules cannot be reproduced here in full but may be 
summarized as follows: 

1. Mnintcnaiice control, that is. removal of trees as they become infested, is justified 

only 

a. On liitjh-value reereational or protection forests, 

h. Where individual trees can be utilized profitably. 

2. Suppros-sion control is justified 

a. When strong broods in single trees or groups of trees indicate an upward 
jiopuliition trend, 

b. When areas are Isolated and can be treated completely in a single season, 

c. U'hen infested trees can be salvaged by logging, 

d. When cost of control will not exceed the value of benefits derived therefrom. 

Direct control of the western pine beetle is likely to be required in 
ponderosa pine .stands under the following conditions: (1) where sani¬ 
tation-salvage cuttings have failed to remove enough of the high-risk 
trees, (2) on west-slope ponderosa pine types during periods of drought, 
(3) in any stand that has suffered recently from defoliation or other 
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injury, such as top killing by ips beetles, (-1) in any stand where com¬ 
petition has resulted in a marked reduction of growth lali*. 

Direct control of the mountain pine beetle is lik<‘ly to be re(|uired in 
the following cases: (I) in overmature stands of sugar pine, (2) in tlense 
lodgepole stands, especially those that exliibit rc'ducing giowtli rate. 
(3) in overmature western white pine stands, (4^ in dense westtaii white 
pine stands exhibiting reducing growth rates. (5) in any lodgepole or 
western white pine stand in localities where windfall, lire, d<‘foliation. or 
other injury has provided an excessive amount of suitable food for the 
beetles. Jliis species attacks but is seldom injurious to ponderosa pine. 


I 1 Green cambium 
/ps attack 
D. Monticolae attack 
liOl Flathead attack 
L, ,,1 Foliage 



POLES 8'-20"0.8.H. 


. - Abandoned 




MATURE TREES 24’'-72"D.B.HI00»200'h(6H 


Fio. 75. Different types of insect attacks observed on ponderosa pine. Color phases 
indicate the order of attack of the various insect.s. l-'rom these diayrarn.s. ie is evident that 
trees apparently killed by dcndroctonus may have been previously attacked b.\' other 
beetles. {Bureau of Entomology and Plant Qunrantme.) 


Direct control of the Black Hills beetle is likely to be required as 
follows: (1) in pole stands of ponderosa pine that exhibit reduced rate of 
growth, (2) in overmature stands of ponderosa pine, (3) in dense stands 
of lodgepole pine at high elevations, (4) in any pine stand in which high 
populations of beetles have developed. 

With the possible exception of sugar pine infestations, it is usually 
impossible to bring dendroctonus beetle infestations under control in a 
•single operation. Therefore control measures should be repeated, per¬ 
haps for several years, to ensure reducing the beetle population to a safe 
level. At times, when weather conditions are especially favorable for the 
beetles, almost continuous control may be required. 
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Detection of Infestations. Kecognizing dcndrot-tonus infestations is 
rl" an easy n.attor, and .snrvey or scouting crews must adapt 
them'^clve.s to using clilTcront methods to suit the partieulai circum 
stances ICarlv-scason attaek.s on pine produce easdy recognizable color 

,l,angcs in the foliage. The color phases through which infested trees 
pass are lirst a slight paling of the needles, followed by fading to a 

greenish-vellow, and Hnally turning red. Red tops are ^ 

most conspicuous, but trees showing this characteristic no longe. mdi- 



V,o 70 Diagram st,owing the ord^r of inse t attack upon two east-side ponderosa pine 
trees The«o trees are typical of many ovormnturo trees in this very susceptib^ type. 
IC^Ips caJlioraphits. FH—Melanophilus. DB—Demiroc/onns frreeicomis. D\—U. 
valens. {Burecu of Entomology and PlatU Quaratdine.) 

cute a bark-beetle hazard, because the beetles will have emerged from 
the trees by that stage. The pale and yellowish tops are signs that 
indicate the presence of beetles. The red tops are. of course, not marked 
for cutting, but are an aid in indicating where to look for newly infested 

trees. 

Late summer attacks in pine often cause no distinguishable color 
changes. Therefore, the presence of late brood can be spotted only by 
the resinous frass or pitch tubes around the entrance tunnels. Infesta¬ 
tions of the Engelmann spruce beetle and the eastern spruce beetle ar 
ospecially difficult to detect. Often there is very little color chang- 
.i-p-rent. In some cases, the needles are shed while the brood is sliJ 
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in the trees. As a result, the j^roiinc] suiva'v crews must (‘xamine eacli 
tree with care to detei'mine whether or not it is lnte.■^tc<l. 

Direct Control Procedure. Tiie ohjectixc of (lir(‘(t dendroctonus- 
beetle control is to reduce the population ot the beetles in an area to 
the point of innocuousness. .Vfter an inft'sted ai-ea has laa-n (huerted 
and evaluat(‘d by the survey crews, the infest<'d trees an* marked for 
attention and then treated by one of several metliods to destroy Ilie 
intesting brood. the attacked trees are sacrilieed to protect their neigh¬ 
bors. Xo method has. as yet, been de\'ised to sax'e an attai-k(“(j tr(*e. 



Flu. 77. Different typed of equipment are u.>ed to suit variou,s situations when bark-l>ectle- 
infested trees are sprayed with penetmtiiiR oils. Where motor eejuipinent cannot he used, a 
skidding .sle«l such as the above, drawn by a hor.se or mule, transports tlie i)unip and oil. 

Only those trees that actually contain broods arc marked for treat¬ 
ment. An attempt is made to mark every infested tree in a control area. 
Ill order to do this, the markers must examine every tree for signs of 
fading, for active entrance holes indicated by fra.ss or pitch tubes, or for 
both. In order that no trees will be mis-sed, the area is examined in 
contiguous strips, each spotter examining and marking for cutting the 
trees on his own strip. The width of the strips will varj-, but a common 
width is 2 chains. Two to four spotters work together, guided by a 
compassman who runs an accurate compass line and records the num¬ 
ber, size, and location of marked trees and any other information perti¬ 
nent to control. 

The spotters are followed by the treating crews. Early spring and 
fall are the usual times of year when treating operations are conducted; 
but any season W'hen the beetles are not actively in flight is satisfactory. 
The kind of treatment will depend upon the species of tree and the specie' 
of beetle. 0^ving to increasing labor costs, there is a strong trend aw: • 
from methods requiring a great amount of labor Therefore, wh'i • 
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<-hoinical treatment i.s praetieal.le. penetrating oils are generally used. 
On thiek-harked trees, however, the penetrating .sprays have not been 
etVeetive. DDT has not proved to be .satisfactory for dendroctonus 
beetle control. Standing burning has been extensively used on lodgepole 
pine in tiie nortliern Rocky Mountain region but has not proved satis- 
factorv under drv conditions, or where very tall trees are involved. Kdl- 
ing beetles in or under the bark by -solar heat is effective south of the 
■b")th i)arallel. In Table XI the various methods of treatment are 


suintnarize< 


1 . 


T.\ru.B XI. Mbthods Tsed for B.ark-beetle Control 


1 

1 

f 

1 

1 

1 

1 

1 

1 

Cut. 1 
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1 
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1 

Cut i 
and ' 

sun- 
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peel, 

and 

sun- 

cure 

bark 

Cut, 
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and 

burn 

bark 

Cut 

and 

spray 

bark 

Spray 

stand¬ 

ing 

trees 

1 

Burn 

stand¬ 

ing 

trees 

D, hn virouiis . 

j No 

No 

No 

1 

: Yes 

1 

Yes 

No 

1 

No 

No 

1). mondrolat’ . 

No control usually required. Same as above if needed 

/>, poiiflerosne . 

No 1 

1 

Yes 

1 

No ■ 

No 

Yes 

Yes 

Yes 

No 

I^nlucpdle pine, 

1). monticolae . 

1 

Yes 

Yes 

Yes* 

( 

No 

No 

Yes 

Yes 

Vest 

1). pondcro^ae . 

Yes 

Yes 

Yes* 

No 

No 

Yes 

Yes 

Yesf 

Wc.sterti wliitc pine, 

I), inonticolae . 

No 

Yes 

No 

No 

Yes 

No 

No 

No 

Su^ar pine, 

0. riionlirohe . 

No 

No 

No 

Yes 

Y'es 

No 

No 

No 


* South oi the 40th paruUcl. 
t For short tree* when fire hazard is low. 


Since the western pine beetle pupates in the outer bark, treatment 
requires iiandling the bark in such a waj' that the beetles in the bark 
will be killed. The same will be true of the other species that pupate in 
the bark, as do the Jeffrey pine beetle, Dendroctonus jeffreyi, and the 
southern pine beetle. Cutting and peeling alone provide adequate con¬ 
trol for the species that do not pupate in the outer bark, for example, 
the mountain pine beetle and the Black Hills beetle. When the bark 
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is peeled and scattered on the ground, the l)rood of lliese species is eitliei 
killed by exposure or eaten by prodator.s. In thick-barked trees, how¬ 
ever, such as large sugar pine and pondero.sa ))ine. it is b(‘st to burn or 
sun-cure the bark. With these large trees, the necc.ssity for barking the 
parts Ij'ing near tlie ground is obxiated by burning tli<-‘ pe<‘l(‘d baric in 
rows next the bole on each side. Tliis practice r(‘duces the amount of 
labor re(|uirpd to treat a tree. 

Cost of Control. From our di.scu.ssion it i.s evident tliat treatment for 
dc.stroying beetle brood must l)e adju.sted to the beetle species, and to 
the species and size of the trees iin'oh’cd. 'I'Ik' cost of njiplying the 



Fig. 78. On very steep .slope.s the puinj) iind oil for spraying l)eotle-irifo.Nti‘<l trees timst be 
packed by hami. The ruck, pictured above, with pump and oU tank, is carried b.\’t w<» men. 

various kinds of treatment varies grcatljs even the same treatment will 
vary in cost, depending upon the size and acccssibi’.ity of the trees. 
Therefore, it is impossible to make any generalizations concerning the 
cost of beetle control. However, it may be expected to vary from slightly 
more than SI for a small thin-barked tree to S20 or even more foi' large 
trees with thick bark, or trees of moderate size in a location difhcidt of 
access. Fortunately, this high co.st per tree can be distributed over the 
entire area of forest protected. 

The forest entomologist, through experience, must estimate the cost of 
control; and the forest owner must then decide whether the protection 
afforded by the operation and the values involved will justify the cxpen.se. 
The decision cannot always be made in the light of a single ownership, 
however. Flights of beetles sometimes result in infestation of new area.s 
several miles away from the places where the beetles were reared. There- 
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tlie interest, bark-beetle infestations must often be eon- 

,,oiled roKardkvs of ownersliip. Here is one of the situations wliere 
public funds, appropriated under tlie Forest Pest Control Act, or under 
the ^■alious state forest pest laws, can play an important role m forest- 
in^cet control. Participation of all parties affected, as provided tor 
under pest control laws, provides the only satisfactory solution of the 

l)eetle control problem. 



CHAPTER XVIII 
PHLOEM-WOOD INSECTS 


The last group of meristcm insects are those that attack l)otIi pliloem 
and wood. They are commonlj' called phloem-wood insects. For tlie 
most part, these insects are pests of dying trees and freshly cut logs; 
in some cases, they attack living trees. 


PESTS OF LIVING TREES 

Some of the outstanding examples of phloem-wood in.sects that attack 
living trees are the locust borer, MegacijUene robiniae; the poplar borer, 
Saperda calcaraia; the carpenterworm, Prionoxijstus robiniae; the linden 
borer, Saperda eestita; the western cedar borer, Trachykele bhndeli; and 
the leopard moth, Zeuzera pyrina. All the insects in this group work in 
the phloem for a time after hatching and later penetrate into the wood. 
Their work in the meristematic tissues is of relatively short duration and 
is not sufficiently extensive to result in the death of the trees. There¬ 
fore, the damage caused by these in.sects is the reduction in quality 
resulting from their boring and the weakening of standing trees by their 
work. In addition to these direct effects, the phloem-wood insects open 
the way for the attack of fungous infection, thus materially hastening 
decay. Only a few representative species can be discussed here. 

Locust Borer. The locust borer is one of the best-known examples of 
the phloem-wood insects that attack living trees. It is a member of the 
family Cerambycidae. At one time the black locust in the eastern 
United States was considered to be one of the best trees for posts, poles, 
and railroad ties because of its rapid growth and the durability of its 
wood when it is in contact with the ground. Many plantations of this 
species were set out in Pennsylvania and in the Ohio and Mississippi 
valleys. Today, a large proportion of these plantations have been aban¬ 
doned as valueless because of the ravages of the locust borer. Black 
locust is especially desirable for producing a quick cover on eroded lands 
and is wdely used in plantations for soil protection. As a result of an 
increasing number of plantings for protection purposes, there has been a 
corresponding increase in the economic importance of the locust borer. 

The adults of the locust borer are beautiful black beetles, to % inch 
in length, with narrow yellow crossbands on the elytra. The beetles 
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enuTKe in late summer ami autumn. They <iepo.sit their white eggs in 
<.|u<t. m ui five or sis in eraeks ami crevices in the rough bark of black 
I ,,„st tree.s. Young tree.s umler 1'., to 2 inches in (liamcter and older 

. over o to (i inches in diameter appear to be comparatively unsus¬ 
ceptible to attack, although if a tree is once infe.sted it may remain sub¬ 
ject to infestation regardless of si.e. Thickness and surface chara ter 
„f the bark appear ordinarily to be the factors that determine the us- 
cei.til.ilitv of the tree to attack. The bark .should be sufficiently old to 
be roiigh but not .so thick that the young larvae cannot bore through it. 
'Ihis limitation of attack to certain specific age classes aids greatly m 

formulating plans for the control of this insect. 

In a short time after the eggs are deposited, they hatch, whereupon 

the voung larvae cut their way through the hark to the inner phloem. 
Tliere they feed until cold weather forces them into hibernation. Ihe 
winter is passed in the larval tunnels. In the spring the larvae continue 
their work in the phloem for a short time before entering the wood. 
Examination of infested trees will readily disclose whether the larvae 
have entered the wood or whether they are still in the phloem, because 
while tliev arc working in the phloem, they cast a brown-colored fra^ 
out of openings through the bark; whereas after they enter the wood, 
they push from their burrows a yellowish-colored frass. Ihroughout the 
life of the larva an opening from its burrows to the outside is maintained, 
tlirough which the frass is ejected. For a time the entrance hole serves 
this purpose, but later, as convenience demands, other passages are cut 
to the outside. The larvae, after completing their growth m late July 
and August, excavate cells in the wood in which they transform to the 
pupal stage, and later, in the same season, to the adult. Thus the life 

cycle is completed in 1 year. 

Control of the locust borer has proved to be difficult, especially on the 
poor sites characteristic of eroded lands, on areas strip-mined for coal, 
and other similar places where locust has been planted. The work of 
Craighead (1919) indicated that locust grown in a dense stand is free 
from serious attack hy the borers. This he attributed to the sun-loving 
habits of the beetles. Studies by Hall (1942) in the Ohio Valley have 
shown that the oviposition response of the beetles depends more on tem¬ 
perature than light: high temperatures during the oviposition period 
will result in heavy oviposition within the stand and cool temperatures 
will result in heavier oviposition on the outer trees exposed to the sun. 
The oi)timum temperature for oviposition is about 70°F. Since oviposi¬ 
tion occurs in late summer and fall, there is a tendency toward heavier 
oviposition on the outer exposed trees. From this it appears that the 
maintenance of as dense a stand as possible is advantageous but cannot 
be depended upon to give adequate control. 
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Hall has also shown that thcro is a clpfiiiito corrolation between rate of 
tree growth and the amount of borer injury. Presumably this is duo 
partly to the shorter period during which rapidly growing trees are sus¬ 
ceptible to attack and perhaps to an actual resistance to attack exhibited 
by such trees. One method of encouraging growth rate that appears to 
offer mucli promise is to clear-cut hopelessly infested plantations. This 
results in a dense growth of suckers from the roots and stumps, which 
grow at an almost unbelievable rate for at least the first few years. 

The locust borer is definitely favored by dry weather as evitlenced by 
the heavy infestation and death of very large old locusts in Pennsylvania 
during a period of excessive drought (Craighead. 11)37). Prior to this 
dry period, tho.se trees had not appeared to be infested. 

The control of the locust borer in the forest apparently depends upon 
maintaining well-stocked rapidly growing stands. The protection of 
shade trees is a much more expensive and difficult problem. It can be 
accomplished, however, in several ways. By allowing vinos to climb 
over the trees, protection from the locust borer may be ofTectivoly accom¬ 
plished. Spraying the trees with an arsenical wash of sodium arsenite 
in mixture with a miscible oil, or a water solution of sodium arsenate, 
has proved effective. In using the former mixture, 1 pound of .sodium 
arsenite is dissolved in 20 gallons of water, to which 1 gallon of miscible 
oil is then added. This mixture should be sprayed on the trunks and 
large branches of the infested trees in the spring when the new growth is 
starting. This spray kills the young larvae by penetrating into the 
tunnels and acts as a stomach poison. A thorough application of DDT 
emulsion to the bark of infested trees should be effective. This should 
be applied soon after growth starts in the spring, or immediately prior to 
oviposition in the fall. 

Poplar Borer. Another important phloem-wood beetle is the poplar 
borer, Saperda calcarata. It is distributed throughout the United States 
and Canada wherever its host trees are found. This insect is injurious 
to forest trees both directly and indirectly. Directly it reduces the value 
of the trees it attacks by cutting large tunnels in the wood. These 
tunnels may be so numerous in a heavily infested tree that the trunk 
will be so weakened that the tree can be easily broken off by high winds. 
Occasionally, when the beetles are extremely numerous, they may kill a 
few trees but, generally, the poplar borer is not a tree killer. 

This beetle does even more important economic damage by its indirect 
effects than by its direct injury. Other injurious insects are attracted 
to trees that have been attacked by the poplar borer. For instance, 
several Buprestidae, such as Dicera prolongata and Poecilonota cyanipes, 
deposit their eggs in the old egg scars of the poplar borer. The carpenter- 
worm, Prionoxystxis robiniae, also finds that the scars made by the poplar 
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iMuct ollVr (leMra»)le U.rations for ovipo.sition. Thu.s this beetle may be 
, 1 ., indireet cause of other insert injury. Certain other habits of the 
n„„h.r borer are eoinlueive to another type of secondary injury. Ihis 
in.e.-t keeps its tunnels eomparatively free of frass by pushing this waste 
,nat(Mial out of openings through the bark. The.se open tunnels offer a 
ready moans of aeeess rleep into the wood for the moeulum of wood- 
rot ling fungi. I'omea Rjuiarius. an important heart rot that causes a 
large proportion of the defeet.s found in aspen and poplar, freipiently 
gains entranee through these openings. In some regions it has been 
sliown that a large proportion of heart-rot infections have arisen from 
it.s('ct tunnels. 'I’hu.s the poplar borer and the earpenterworm are indi¬ 
rectly responsible for a great deal of damage that is not ordinarily ehaiged 

to them. . 

The adult lieetles are rather large, often over 1 inch m length. Their 

color is gray, with yellow markings. Emerging from their jxipal cells in 
late July and .Vugust, the female beetles lay their eggs in slits that they 
gnaw in the bark. The period of ineubation is long. 20 to 25 days being 
r<\inired. The larvae, as soon as they hateh, tunnel through the bark 
into the phloem, where they feed until overtaken by cold weather. The 
following spring they enter the wood where they spend the remainder of 
their developmental period tunneling through the wood. In the autumn 
when full grown, they hollow out a pupal cell in the sapwood. This cell 
is hlockod off by a plug of shredded wood from the tunnel in which the 
insect previously lived. The winter is passed in the prepupal stage 
within the pupal cell. Early the following summer the larvae transform 
to the pupal stage; after 25 to 30 days in that stage, they transform to 
the adult, cut their way to the surface, and emerge. Thus the normal 
developmental period is two full years. In Colorado, however, at ele¬ 
vations ranging from 6,000 to 9,000 feet, this species requires three full 
years to complete its life cycle. In warmer climates, on the other hand, 
it is probable that a developmental period shorter than the normal is 
possible. 

Infestation produces a roughening of the bark that is attractive to later 
generations of ovipositing borers, thus resulting in a concentration on 
certain trees, sometimes called brood trees. By cutting and destroying 
these brood trees in a forest, injury by this pest may be greatly reduced. 
After being cut, the brood trees should be either burned before the beetles 
emerge or be split and ricked up in open piles in such a way that rapid 
drying and heat of the sun will kill the beetles in the wood. 

Repeated observations have been made that slowly growing trees are 
more susceptible to borer injury than are those growing rapidly. This is 
doubtless due to the ability of fast-growing trees to overgrow wounds 
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and scars quickly. Such trees have a covering of .sniootli healtliv hark 
and are not so attiacti\'e lor oviposition as are tlie shjwor grow ing rougli- 
barked trees. Control measures for this insect are usualU' only neces¬ 
sary on the poorer quality sites. 

The borer when working in individual trees can be controlled by jjaint- 
ing or spraying the egg scars with DDT emulsion immediately after the 
eggs hatch in the fall. Since the young larvae keep their tunnels open 
to the outside, the emulsion will penetrate into the tunnels and kill tliem. 

Carpenterworm. The carpenterworm, ]*rionoxystus rohiniae, is one of 
the common phloem-wood insects that may well be cited as a lepidopter- 
ous representative of this group. It is distributed generally througliout 
the United States and the southern part of Canada. It was first described 


as a pest of black locust, hence its specific name, but it also feeds on a 
variety of hardwood species. Some of the trees that are frc<}uently 
attacked are oaks, elms, and poplars. Although the carpenterworm s(‘l- 
dom kills trees, it is nevertheless a primary in.sect, and most of its damage 
is done to living trees. Much of its work is in the solid wood, and onTy 
in the tarly stages of development are the larvae phloem eaters. 

The adults are large gray moths with a wingsprcad of about 2^^ inclies. 
They emerge in early summer and depo.sit their eggs on the bark of the 
host tree. Wounds or scars on the tnink or larger branches provide the 
most attractive oviposition places. The larvae bore into the phloem 
where they excavate shallow galleries. After a brief period of feeding in 
the phloem, they penetrate into the sapwood and later into the heart- 
wood. The remainder of the larval life is spent in the wood. The larvae 
are typical caterpillars in form and are pinkish white in color. Their 
galleries are long and winding and are kept free of frass so that the larvae 
can pass freely back and forth. In order to secure free passages, the 
borings are pushed out through holes through the bark. These holes 


provide an easy avenue of entrance for the spores of wood-rotting fungi; 
consequently these organisms are almost always associated with the work 
of the carpenterworm. 

The length of the larval period has not been definitely determined, but 
in all probability, as is the case with other insects, it varies with differ¬ 
ences in temperature. In California the life cycle requires 3 or possiblj' 
4 years whereas in New York State it is said to require 3 years. At the 
end of the larval period, a pupal cell is formed in the wood near the 
surface. Before pupation, a hole is cut almost through the bark, and 
the tunnel behind the cell is closed with a plug of shredded wood. The 
larvae then transform to the pupal stage, and later the moths emerge. 

Almost all the investigations of this insect have been chiefly concerned 
with ornamental trees. As a result, although this insect is at times an 
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as u resKlual spray at time of moth emorgenco. should give good result . 

PESTS OF DYING TREES AND LOGS 

licpresentutivps of pliloem-wood inspets that attaok only dying trees 
or frpsl.lv Pin logs are important l.ppause of the loss winch they cause m 
hi ami pX-od-. m the former by reducing the grade and m the 
latter the volume. Some of them also cause indirect injury by aiding 
„.f,,,tion bv wood-rotting fungi. Craighead estimates that the los.s m 
grade due t‘o the activities of these insects amounts to about o per cent 
the value of the annual cut. The most important of these insects 
belong to the coleopterous families Cerambycidac and Huprestidae 

Flatheaded Apple Tree Borer. One of the many buprestids that feed 
on the phloem and wood is the llatheaded apple tree borer, Chrysobothn, 
U wornta. This insect attacks numerous species of forest trees and also a 
'irreat variety of orchard trees. Some of its liosts arc walnut, pecan. 

hickory, poplar, willow, beech, oak, elm, hackherry, and 
Hecause of its importance as a pest of apple tree.s, this insect is called the 
llatheadi'd apple tree borer. As a pest of orchards as well as forests, 
it has received more attention from entomologists than if its actiMties 
had been eonhned to forest trees alone. As a result, its habits are wel 
known, and it will serve well as an illustration of the phloem-wood 

buprestids. , . ^ 

The flatheaded apple tree borer lies in the middle ground between the 

primary and the secondary insects. It apparently cannot attack suc¬ 
cessfully a vigorous, healthy tree but attacks trees that are on the decline. 
The adult females are attracted for oviposition not only to the subnormal 
trees but also to healthy trees in sunny locations. The eggs hatch and 
the young larvae bore into the bark, but they do not enter the phloem 
while the tree is in a thrifty condition. If, however, such a tree should 
decline in health, the larvae will promptly penetrate into the phloem 
and kill it. If, on the other hand, the tree remains in good health, the 
young larvae will remain in the bark for at least 1 year before they suc¬ 
cumb to starvation. This habit has been observed in other species of 
the same genus, for example, ChnjsohoihTis dentipes, a flatheaded borer 
of pine. When bark-infested trees are cut. the larvae are then able to 
attack the phloem and later the sapwood; thus they are able to complete 
their normal development in the logs. 
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The adults of the fiatheaded apple tree borer are short, broad, flat 
beetles about inch long. In color they vary from dark brown to black 
on the top, with grayish spot.s and bands, while the \'enlral .side and the 
legs are bronze. They emerge from their pupal cells in early spring and 
are on the wing for about I montli. The beetles are acti\'e only on warm, 
sunny da 3 ’s: at other times they remain r|uiescent, hidden away beneath 
bark scales or in other suitable places. In warm weather, the^' are \'erv 
active, fljdng and running about. Experiments lune shown that insects 
of this genus are ver^' resistant to heat and can endure a temperature as 
high as 52°C. I lie larvae, like tlie adults, are lieat resistant and are 
able to live on the upper side of logs lying in the sun, where no other 
insect life can exist. 


The adult beetles feed on the foliage of hardwood trees and sometimes 
become so numerous that they cause appreciable defoliation. 7’he female 
beetles deposit their eggs in crevices in the bark of tlie host trees. These 
eggs are pale yellow, flattened, and about Ho inch in diameter. The 
young larva, after an incubation period of 15 to 20 days, bores through 
the underside of the egg and into the bark. This habit is true of all 
buprestids. 

The thoracic region of these larvae is greatly enlarged transverselj'^ and 
flattened dorsoventrallj'. The liead is invaginated into this enlarged 
thorax so that only the mouth parts protrude. On casual inspection, 
the thorax appears to be the head of the grub, thus the name fiatheaded 
borer. The larvae are helpless when removed from their burrow'. Unless 
they have convenient surfaces against which the^^ can expand the enlarged 
thorax, they are unable to move; therefore they can move about only in 
a tunnel that fits their bodies. Thus, if a larva should cut through some 
portion of the egg shell that was not in contact with the bark, it would 
be unable to progress farther. 

If on boring through the bark the larvae find conditions are favorable, 
they will construct broad feeding tunnels in the phloem and outer sap- 
W'ood. They grow’ rapidlj-^ and in late summer arc ready to bore into 
the solid sapw'ood; there they form their pupal cells in w'hich thej’- pa.ss 
the w'inter. In the South the pupal cell is sometimes formed betw'een 
the bark and the w'ood, but this condition has never been observed in the 
North. The winter is passed in the larval stage within the pupal cell, 
and pupation takes place early in the following spring. 

Thrifty trees are not susceptible to injury by this borer; therefore, it is 
a pest only of overmature, decrepit, or dying forest trees. Like many 
other members of this genus, it does not penetrate deeplj-^ into the heart- 
w'ood and, therefore, is not so injurious to logs as are some other buprestids 
and cerambj'cids. It does, how’ever, loosen the bark and make openings 
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Ihroufih whicli dec-ay-causing organisms may enter, and it may tunnel to 

a c'onsi(k-ral)lo extent the outer inch of wood. ^ 

Some of the other buprestids that feed first in the phloem and later m 

tlie wood are Calcophora virginiensis, and Calcophora angulicoUis. ihe 
first is an eastern species and the second a western species, both attacking 
pines and firs. Several species of the genus Dicerca are common phloem- 
wood l»orers that may at times cause considerable injury to the wood of 

dying trees and freshly cut logs (C'hamberlin, 1949). 

'I'he best way to prevent injury from these insects is prompt utilization. 
If this is impossible, water treatment is the next best procedure. Heavy 
sliading of logs left in the woods will give reasonable but not perfect pro¬ 
tection. Rustic work may be effectively protected by using benzene 
hexachloride or pentachlorophenol in oil solution (Chaps. VIII and IX). 

White-spotted Sawyer. Xumbers of phloem-wood insects refuse to 
attack standing trees until they have been severely injured or killed by 
some other agency. Of these the white-spotted sawyer, Monochamus 
sculclldfufi. is a good example. This secondary insect is one of the most 
common wood-boring insects in the coniferous forests of the Northeast. 
It infests and reduces the value of freshly cut logs and of trees that have 
been severely injured or killed by fire or by other insects. This insect is 
so abundant in most localities that practically every log or newly killed 
tree that is left in the woods over the summer is almost certain to be 

infested. 

The habits and life history of this species are very similar to those of 
other clo.sely related .species of Monochamus. The adult insects are 
somewhat elongate, cylindrical black beetles about 1 inch long with very 
long filiform antennae. The antennae of the male are twice as long as 
the body, whereas those of the female are only slightly longer than the 
body. The adult beetles emerge in spring and early summer. During 
the flight period, they feed upon the green bark of pine twigs. Some¬ 
times. when the beetles are abundant, numerous pine tips may be girdled 
and killed as a result of this feeding activity. After feeding for a brief 
period, the beetles deposit their eggs in slits that they cut with their 
mandibles in the bark of logs and recently killed trees. Oviposition con¬ 
tinues throughout the summer season but usually reaches its height before 


midsummer. 

The larvae hatch from the eggs and tunnel at first in the inner phloem. 
They are legless, cylindrical white grubs with powerful mandibles. At 
first, they excavate broad, shallow galleries in the phloem, but as they 
increase in size, their phloem galleries include not only the green tissues 
of the inner bark but also the surface of the wood. Later the larvae 
penetrate into the sapwood and sometimes into the heartwood. When 
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growth is completed, they cut a pupal c(*ll in the sapwood and transform 
to tlie pupal stage. llie lengtli of the de\(*lopment \'aries greatly. 
Under favorable conditions of temperature and moisture, a single year 
is sufficient, but, under less favorable conditions, the life cvcle may 
require 3 years or possibly longer. The larvae of this species, like tho.se 
of the poplar borer and the carpenterworm. always keep at least a part 
of their tunnels clear of frass and chips. Like the other in.sects just men¬ 
tioned. the pine sawyer maintains ideal conditions for the infection of the 
log with wood rots. The.se organi.sms are usually associated with mono- 
chamus work. 


This in.sect tunnels primarily in the peripheral layer of a tree or log. 
It is in this layer that the most valuable high-gratle wood occurs. Thus, 
in clear logs the insect may reduce the grade of lumber sawed from 
infested parts from a select grade to a number 3 grade: this means a 
reduction in the retail value of from 50 to 75 per cent. 

Control of the white-spotted sawyer may be accomplished in a variety 
of ways. Fire-killed trees .should be utilized promptly or cut and kept 
wet with water. Prompt utilization is the best way to handle the borer 
problem. Water storage of freshly cut material, either by emponding or 
by sprinkling, is the next best solution. If neither of these methods is 


feasible, barking will prevent infestation by destroying the necessary 
green food for the young larvae. Where no other method of control can 
be used, experiments indicate that a heavy shade of brush, piled over 
logs left in the woods during the summer, will afford some protection 
from this insect. This cannot be recommended if other methods can be 


used, because of the inferior quality of protection afforded by this method. 

This and several other species of Monochamus have at times caused 
considerable damage in lumber that has been freslily sawn, but not edged. 
The insects lay their eggs in the bark-covered edges of the boards, and 
the larvae work first in the phloem and then into the wood, sometimes 
to a depth of several inches. Still other cerambycids may cause similar 
injury. For instance, Callidium aniennalum has attacked piled lumber 
in California. Edging the lumber when it is sawed will prevent such 
injury as this. 



CHAPTER XIX 
WOOD DESTROYERS 


Altliouj;h most borers retiuire green meristematic tissues for food dur¬ 
ing at least a part of the developmental period, certain species are able 
to tlevelop from egg to adult in wood alone. These wood destroyers are 
chiefly secondary pests, attacking forest products, but some of them may 
attack and injure the wood of standing green timber. Some require 
unseasoned wood, for example, the horntails; others, such as the powder- 
post beetles, work only in thoroughly seasoned wood; still others, for 
instance, the carpenter ants, are less exacting in their requirements. 

The separation of wood-destroying species into clear-cut ecological 
group.s is not easy, because of the variations in habits. For example, 
certain insects may be found in fire scars on living trees but occasionally 
they may attack flooring in houses; some which usually attack only the 
sapwood of fre.shly felled trees may occasionally be found attacking sea¬ 
soned material under some special conditions simulating those that are 
characteristic of the freshly cut tree; or some moisture-loving species may 
tunnel into dry wood and maintain the necessary moisture conditions by 
keeping contact with moist wood in the soil or by air-conditioning their 
nests with moisture evaporated from their bodies. The subdivisions into 
which these wood-destroying insects have been divided are, therefore, 
somewhat arbitrary. Each insect is discussed under the group most 
typical for the species, and in the discussion exceptions to the general 
rule will be pointed out. Following are the arbitrary groups: (1) those 
attacking the wood of living trees, (2) those attacking freshly cut or 
dying trees, (3) those attacking moist seasoned wood, (4) those attack¬ 
ing dry seasoned wood. 

The preceding paragraphs should not be interpreted to imply that all 
wood destroyers are insects. There are a few other groups of animals 
that are wood borers. The most destructive of these are the marine 
borers. Because their activities are very similar to those of wood- 
destroying insects and because they are frequently confused with insects 
in popular discussion, they will be included in this chapter. 

ATTACKING WOOD OF LIVING TREES 

Although most of the wood-destroying insects attack after the trees 
are felled, there are a few that infest standing timber. Many of these 
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enter throiigli injured areas such as fire scars, logging scars, or other 
spots where the bark is broken. A few gain entrain^e through the 
unbroken bark. 

Western Cedar Borer. The westei n cedar borer. Trochyhrlc blvndeli, 
is a beautiful metallic emerald-green buprestid wliich is very injurious, 
especially to western red cedar in certain localities (Ibirke, 1928; Hopp¬ 
ing, 1932). This is one of the species that gains entrance into the wood 
through the unbroken bark. The adults lay their eggs in crevices on 
the branches of living trees, and the larvae bore their long flattened 
tunnels in both the sapwood and the heartwood until they are f\illv 
grown. This reciuires several years, during which time they leave the 
branches and work in the tree trunk, sometimes extensive!}’. When 
fully grown, they return to the branch to pupate. There the pupal cell 
is constructed within ^ inch of the surface. Transformation to the pupa 
occurs in midsummer and to the adult stage about 3 weeks later. These 
adults remain in the pupal cells until the following spring, at which time 
they emerge, feed on the foliage, mate, and oviposit. 

The kind of injury caused by this insect is objected to by consumers of 
posts and poles, Init actually it cau.ses little if any reduction in the use¬ 
fulness of these materials (Chamberlin, 1949). On the otlier hand, it 
ruins the wood for shingles, siding, boat planking, and other uses where 
tightness is essential. No control for the we.stern cedar borer in the 
forest has been developed. The habits of oviposition are such that the 
adults or eggs are difficult to reach with an insecticide. The fact that 
certain stands are more severely injured than others indicates that ulti¬ 
mately silvicultural control may be possible. Burke (1928) suggests that 
the disposal of branches following logging might be helpful in reducing 
the beetle population. By using infested materials for posts and poles 
and reserving the uninfested trees for shingles, siding, and similar pur¬ 
poses, the economic losses caused by this insect might be materially 
reduced. It must be admitted, however, that such practice would not 
appeal to companies in the pole business. 

Certain Buprestid Borers. Another wood insect that injures standing 
timber is the turpentine borer, Buprestis apricans. This insect attacks 
the pitchy wood exposed by fire scars and turpentining in Southern pine 
forests. As a result of its work, the trunks of the trees become weakened 
and subject to wind breakage (Beal, 1932). Experiments indicate that 
the narrow-type face is less subject to the injury by this beetle than the 
wde-type face so commonly observed in turpentining operations. 

Another insect that attacks the pitchy wood of conifers is the golden 
buprestid, Buprestis aurulenta. This western species is found in fire 
scars, lightning scars, and in injuries caused by logging maehinery. The 
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,Uymntjro c-ansccl by thi. insect is similar to that of the tvirpcntinc borer, 
hut it is nlso occasionally found attacking lumber (Keen. 1952). It may 
rei)catedly attack unpainted flooring and woodwork until the wood is 
ultimately destroyed. (C’hamberlin. 1949.) 



Fio. 79. Cros.s section of a southern pine showing tunnels of the turpentine borer, Buprestia 
apricans. {Burtau of Entomolooy ami Plant Quarantine.) 


ATTACKING WOOD OF DYING OR RECENTLY CUT TREES 

Most insects that attack wood prefer dying trees or trees that have 
been cut recently. Usually, after the wood has been cut for a season or 
more, it becomes unattractive to the insects. This is apparently due to 
changes in moisture conditions or in the physical and chemical conditions 
wthin the wood. What these physical and chemical changes are has 
never been determined. Probably they are the result of slow oxidation 
processes. There is indication that some insects may be attracted to 
freshly killed or cut wood by products of fermentation that disappear as 
the wood seasons or as organisms of decay gain a predominant position 
in the wood. The fact that ambrosia beetles are not attracted to all 
wood, even though moisture conditions are favorable, but are in rare 
instances attracted to. and attack, wine casks containing ^^'ine in storage 
suggests that the presence of an alcohol, or some other product associ¬ 
ated ^dth fermentation, may determine where the beetles \v\\\ attack. 
More information on why wood is or is not attractive to certain insects 
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would almost certainly lead to tlie dovclopmenl of hotter control meas¬ 
ures than those now used. 

Of the insects that attack the wood of dyinj^, recently killed, or recently 
cut trees, two groups will he discussed: the ainhrosia heetles ami the horn- 
tails. Although both attack the same sort of material, their iiahits and 
the character of their work are very dilVerent. 

Ambrosia Beetles. Ambrosia beetles are chiefly pests of green wood: 
although occasionally they may attack other wood, sucli as the wine casks 
mentioned above, in which conditions are somewhat similar to those 
found in freshly cut wood. With the e.xception of the genus Platypus, 
which belongs to the family Platypodidae, tliese insects are all members 
of the family Scolytidae. Although they belong to the same family as 
the bark beetles, their habits are very different. Nevertheless, they have 
many points in common. They are small, dark-colored insects, more or 
less cylindrical in form. Instead of working in the phloem, they cut their 
tunnels into green wood. The tunnel entrances resemble those of l)ark 
beetles, but because the beetles tunnel into the wood, the frass which 
they cast out is light-colored instead of brown. Although they bore in 
wood, they are not wood eaters; instead, they feed upon a fungus grow¬ 
ing on their tunnel walls This type of fungus is always associated with 
ambrosia beetles, each group of beetles having its own specific fungus. 
Whenever the wood ceases to be suitable for the fungus, the beetles must 
leave. When departing, they unwittingly carry either the sticky spores 
or the mycillium adhering to their bodies. Having sought out a suitable 
freshly cut tree or stump, they proceed to bore directly into the wood. 
For a short time they are without food, but soon the spores that they 
brought with them germinate and grow on the walls of the new tunnels. 

This apparent cultivation of food by an insect has caused some 
observers to ascribe a higli degree of intelligence to these beetles. How¬ 
ever, the facts do not justify such a conclusion. It is, nevertheless, an 
interesting example of an effective symbiotic relationship between a 
fungus and an insect: the beetle depending upon the fungus for food, 
and the fungus depending upon the insect for transportation from an 
old host to a new one. 

There are numerous species of ambrosia beetles, most of them belonging 
to one of the following genera: (1) Platypus, (2) Anisandrus, (3) Xyleb- 
orus, (4) Gnathrotrychus, (5) Pterocyclon, (6) Trypodendron, (7) Xylo- 
terinus. Some of them are confined to a single species of tree, whereas 
others may be found in a number of species. Inasmuch as the beetles 
do not eat the wood but simply use it as a place in which to construct 
their nests, the specificity of the beetles for certain trees is the direct 
result of the specific requirements of their particular fungus. 
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T 1.0 arranj^omct of tunnols varies f;reatly with different spenes of 
;,nil.rosia heetios. Xylrhorus xyhuraphu.s eonstniots simple branching 

.nlN-ries in which the e-gs, larvae, and pupae are all tound togethei. 
Species of Pterocv<-lon excavate several secondary tunnels branching in 
a iHirizontal plane from the main entrance tunnel, which is widened to 
form a nuptial chamber. Along the .secondary tunnels, chambers called 
larval crailles are excavated both above and below and parallel with the 
grain of the wood. C'ertain others, species of Trypodendron, for examp e, 
construct compound tunnels, the main gallery being cut directly into the 
wood ill a generally ra.lial direction and the secondary galleries being cut 
in the same horizontal plane but in a tangential direction. In the case o 
(Innlholrychus nmlcriariiis the secondary tunnels usually follow an annual 
ring and the larval cradles are cut in a series both above and below the 
main and secondary galleries. With such species the entire develop¬ 
mental period of a beetle is passed in a cradle. In species where no 
cradles are formed, the larvae sliift for them.selves, feeding on the ambro¬ 
sia fungus growing on tlie tunnel walls. In some species the larvae, 
immediately prior to pupation, cut pupal cells similar to the cradles. 

'Fhe ambrosia beetle colonics are constantly faced with two problems: 
(1) the selection of trees in which conditions are suitable for the growth 
nf the fungus upon which they feed and (2) protection for themselves 
against the growth of the fungus itself. When conditions for the growth 
of the fungus arc not right, the larvae will starve and the adults will be 
forced to seek other trees. If conditions are favorable for the fungus 
hut the beetles do not multiply rapidly enough to consume their food as 
fast as it grows, the rank growth of the fungus may block the tunnels. 

thus smothering the beetles in their food. 

The injury to logs and recently killed trees by ambrosia beetles results 

in a decided loss in quality of the lumber and other products cut there¬ 
from. Tliis type of injury is serious in lumber because of the resultant 
reduction in grade, but it is of even greater consequence in other classes 
of material, for example, stave bolts and wood for furniture. With such 
materials, pinhole injury may render the product valueless. 

in certain cases, however, ambrosia beetle tunnels cannot be considered 
as serious defects. In oak flooring, for instance, style may demand a 
few knots and a few wormholes. These defects are said to lend charac¬ 
ter to a floor, and in some high-class homes this onetime low-grade floor¬ 
ing is now being used. In most cases, however, beetle tunnels constitute 
a defect that decidedly reduces the value of any forest product so injured. 

Some of the greatest losses occasioned by these insects occur in the 
South. An unusually good example of this is found in the cypress forests. 
It is customary to girdle these trees some time previous to felling, so that 
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they may dry out sufficiently to be floated out of the swamps. Between 
the times of girdling and felling, tlie trees are often attacked and rendered 
almost useless by ambrosia beetles. Other Soutliern tree species art' 
often severely injured before the logs can be manufactured. Through¬ 
out the South, where the growing season is long and the number of 
broods is great, the ambrosia beetles present an exceetlingly difficult 
problem. Ihey have spelled ruin to more than one logging operation. 

In the North, on the other hand, the beetles have !)ut one or at tht' 
most two generations. Furthermore, the long winters and short sum¬ 
mers permit logging while the beetles are dormant, thus eliminating 
much of the injury in the woods. Therefore, the beetles are far less of 
a problem in the North than in the South. 

The control of ambrosia beetles is difficult and, in many instances, 
entails considerable expense. They can. however, be held in check in 
several ways. The prompt sawing of logs follow(‘d by kiln drying pro¬ 
vides the best and most certain protective mea.sure. When storage space 
and expense permit, sun-curing is an elTective means of controlling these 
and other wood borers. By being placed on long sloping skids, tlie logs 
maj^ be turned from time to time with a minimum of effort, exposing all 
sides to the effect of the sun. 

When girdling is necessary before trees are felled, it should be done in 
the fall, after the flight of the beetles is over, in order to reduce to the 
minimum the opportunity for infestation. It has also been suggested 
that the inferior trees may be used for traps, felling or girdling them in 
early spring when the beetles are in flight. Later, after the trap material 
has been infested, it can be destroj'ed by burning or placing in water. 
One of the best and most effective methods of preventing attack is by 
the water treatment, already considered in Chap. X. Logs floating in 
water may sometimes be attacked on the upper side unle.ss they are rolled 
over from time to time. Furthermore, short water treatment does not 
give permanent immunity. Ambrosia beetles sometimes attack lumber 
sa^^^l from freshly felled logs, especially large-dimension stock, before it 
has had time to dry. Careful piling so as to provide for good circulation 
of air through and around the piles will shorten the period of susceptibility 
but, of course, kiln drying is preferable since it gives absolute protection. 

Homtails. The horntails, another important group of borers that 
attack recently killed trees or fresl^ logs, belong to the family Siricidae 
of the order Hymenoptera. They are very common insects and are 
responsible for more damage to logs than is usually ascribed to them. 
Although many species are known to science, little detailed information 
is known concerning their life histories and habits. Unlike the ambrosia 
beetles, the horntails are wood-eating insects (xylophagous). They work 
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i„ S,.li<l ^vo<,.l, n.aintain no oponins to the outside, and apparently are 
„..,.essarilv associated with any fnnKi. One of the largest and best- 
known members of this group is said to be an exception to the aboxe rule 
that it bores only in dei-aying wood. This is the species known as the 

Ircrnox. 7Vrmr.r co/i/wiya. . 

The adults are thick-waisted wasp-like insects. They vary greatly in 
siz<-. some being less than inch in length whereas others are more than 
■> inches long. IHaek is tlie predominant color, but nearly all species 
have markings of v<‘ilow or orange. Projecting beyond the end of the 
•dKlomen the female hears a horn-like projection from which the group 



I iG 80. Hortunil larvae. Although the group ri.ame J^■as preaumahly deriv^ from the 

c„nspioti.>.i. ovipo.sitor of tl.e a.lult fenmle. it is nevertheless, equally 

iHrvae with their l.orn-hkiM au.lalapi.eiKlage. {Burtan of kntomoloau ofulI lant Quarnnlxnt.) 

name is derived. This is the ovipositor. The larvae are white legless 
grubs, cylindrical in form and armed with a dark-colored spine on the 
(Old of the al)domen. 

The adults of most species fly in spring and early summer. Ihc 
females, by means of their long ovipositors, insert their eggs into solid 
wood. This is no mean feat when we consider the flexibility of the 
ovipositor and the solidity of the wood. Sometimes a female may get 
her ovipositor wedged into the wood so that she is unable to extricate 
herself. Honitails are particularly abundant and especially injurious in 
fire-killed forests. The scorched trees seem to be especially attractive 
to the adults. Trees killed by spring fires are much more subject to 
attack by these insects than are trees killed at other seasons of the year. 

The horntail larvae tunnel through the wood and cut burrows just 
large enough for their bodies. The wood passes through their digestive 
tracts and is packed behind them as they advance. The length of the 
larval stage appears to be variable, even with the same species, and 
depends upon conditions of temperature and moisture. With most 
species the larval stage requires one or two seasons. When growth is 
completed, the larvae cut their pupal chambers in the peripheral layers 
of the sapwood. In logs the pupal cells are usually constructed on the 
upper side so that, although the larval tunnels may be distributed 
throughout the log, the majority of exit holes are on top. 

Water treatment and prompt utilization are the best ways to prevent 
injury by these insects. A residual spray applied during early summer 
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should prevent oviposition l)ut would not kilt larvae already in the woo<l- 
These borers may continue to woik in lumber .^awed from infested logs. 
Kiln drying gives good control of larvae in sawed materials. 

ATTACKING MOIST SEASONED WOOD 

Insects in the moist-wood group attack tlie moist henrtwood of living 
trees or wood that has been cut or dead for at least a year but is partially 
moist as a result of contact with the ground or otlier moist material. 
These insects are usually associated with protozoa, fungi, and bacteria: 
organisms wliich aid the insects by converting the indigestible cellulose 
and lignin into materials that are more dige.stible. Because of the micro¬ 
organisms present in it, moist and decaying dcadwood provides very 
suitable food conditions for its insect inhabitants. Indirect proof of this 
is found in the fact that moist and decaying deadwood is attacked directly 
by many insects, even more than those gaining a living in green wood. 
The dietetic relationship of insects with these microorganisms oilers a 
fertile field for future investigations. Some of the moist-wood insects 
may be found in scars in the sapwood and the heartwood of living trees, 
but they are usually pests of forest products in contact with the ground. 
Some of these wood borers, such as the carpenter ant, do not obtain 
their food within the wood, but u.se their tunnels in log or tree for a 
sheltered base from which to conduct foraging expeditions and for a 
nursery for their young. The carpenter bees, the leafeutter bees, and 
the carpenter ants are common examples of insects that make nests in 
wood hut obtain their food from outside the nest. None of tliem are 
very exacting in their moisture recpiirements, but they are nearly always 
found in moist wood. Their chief requirement, however, seems to be 
softness. For this reason, they are likely to be associated with decaying 
wood. 

The leafeutter bees, although common, are not usually of economic 
importance, because they work singly. The carpenter bees, on the other 
hand, commonly work in groups, maintain moisture conditions to their 
liking, and by their combined activities seriously injure the wood 
attacked. Their nests are often found in wooden pillars and rails. 
They may easily be controlled in such situations by injecting an oil 
solution of DDT or benzene hexachloride into the tunnels. 

Carpenter Ants. The carpenter ants, the commonest species of which 
is Camponotus pennsylvanicus, are widely distributed in the United States 
and Canada. They are large black ants, sometimes inch or more in 
length. They build their nests in soft or decaying wood, and there they 
rear their young well protected from the attack of enemies. Thej' are 
social insects, living together in large colonies. These ants do not have so 
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nrinv (‘a-^tes as do the termites, whirh will he discussed later, but there is 
M distinrt division of labor within the nest. Three castes are recognized; 
tlie kings and the (luoens, which are the true males and females, and the 
workers, which are sexually imperfect females. Although the workers 
are all s'imiiar in appearance, each has her own work to do. As in the 
honeybee hive, some of the workers care for the young, others care for 
the (|ueen, while still others collect food. Like many other ants, the 
i-arpenter ant may care for aphids and. by husbanding these noxious 
n.sects. may be indirectly responsible for their damage. 

'I'he life history of the carpenter ant is very intere.sting. In brief, it is 
as follows. In early summer the young males and females leave the nest, 
lieing winged at that time, they fly in all directions; sometimes the air is 
filled with these flying ants emerging simultaneously from many nests. 
'I'liis is known as the swarming peritid. Init unlike the bees, in swarming, 
the young males and females leave the nest at the same time, unattended 
by workers. It would be much better to cull this the mating flight, for 
that is really what it is. 

Shortly after mating, the males die while the young females may either 
be taken into (»id-established colonies to replace a decrepit queen, or each 
may establi.sh a new colony. In the latter case, the young queen .seeks 
out a small cavity in a tree or piece of timber and there makes up her 
brood cell by completely enclosing the cavity, leaving no exit or entrance. 
She then breaks off her wings, for they are no longer of any use to her. 
After -sealing her.self in, she docs not feed again until her first brood of 
young is mature (Wheeler, 1910). She deposits only a few eggs in the 
brood cell. When they hatch, the larvae are fed a material secreted from 
the salivary glands of the female. The young then complete their larval 
development, spin their cocoons, pupate, and emerge as adults, without 
any other food than that furnished by the mother from her own body, 
rhe ants of the first brood are workers of very small size. As soon as 
they are mature, they take over the work of the nest. They cut approxi¬ 
mately parallel, concentric galleries running longitudinally through the 
wood to accommodate the enlarging colony and bring the organic food 
on which they live into the nest through openings cut to the outside, 
.sometimes called windows. The young workers feed the queen and care 
for the eggs that she lays and the larvae that hatch from these eggs. 
They feed the young, after the first brood, upon secretions from their 
mouths. The nurses carry both the larvae and pupae from place to 
place in the nest, in an effort to keep them under the most favorable 
conditions; also, when the young adults are fully developed, they are 
assisted from the cocoon and treated with the greatest consideration. 
.\s the colony grows, more galleries are cut in the wood, in order to 
enlarge the nest. 
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Carpenter ants build their nests in a j^reat variety of places. They 
may attack the dead moist hoartwood of li\'in^ tia'c,';. or they may hollow 
out logs, house timbers, or almost any wood malerials that are soft. It 
has been stated frequently that these insects attack only decaying wood. 
This is not entirely true, although the original attack is usually in a 
decayed spot. In trees having hard wood, the work is confined to 
decayed wood; in trees having soft wood like cedar, the nests are often 
constructed in solid wood. The chief recpiirement is that the wood l)e 
soft and relatively moist. Mo.st freipiently, damage by carpenter ants 
occurs in soft moist wood. The carpenter ant does its greatest economic 
injury to house timbers in contact with the ground, in the basal ]>ortion 
of poles, and in standing trees with moist soft wood. Eastern white 
cedar is especially susceptible to injury by the.se insects; in fact ant 
attack is one of the most fretiuent cainses of defect in that species. In 
some places 20 per cent of the trees that are cut show ant injury. I’he 


nests are usually built near the base of the tree where the wood is moist, 
the highest being not much more than 8 or 10 feet above the ground. 
The exact location of a nest can be determined by the position of tlm 
windows, openings through which the ants enter and leave the nests. 


Much unavoidable loss is occasioned by ant injury to eastern white 
cedar. It is estimated that in trees grown on swampy ground there is 
an average unavoidable loss of about 3 feet from the butt of every ant- 
infested cedar, whereas on higher ground the average is almost 0 feet. 
A part of this is, of course, due to butt rot; it is .safe to say, however, 
that an average loss of about 2 feet from the butt of every ant-infested 
tree may be ascribed to ant injury. 

Control of these insects may be accomplished in several ways. The 
simplest method is to inject an insecticide into the nest through the 
entrance hole. Several of the synthetic organics, especially DDT, ben¬ 
zene hexachloride, and chlordane in oil solution, are suitable for this 
purpose. If buildings are set upon stone or concrete foundations, they 
will be dry and will not usually provide suitable nesting places for these 
insects. Poles, treated full length with pentachlorophenol, are not sub¬ 
ject to attack. In the forest the ants gain entrance to the trees only 
through injuries. Therefore, surface injuries such as axe marks, fire scars, 
and logging injuries should be kept to the minimum in order to avoid 
infestation by ants. 

Chestnut Pole Borer. The chestnut pole borer, Paraiidra brunnea, 
is another insect that is a frequent pest of wood that is not too dry. 
It is widely distributed, probably occurring in all hardwood areas in the 
United States and Canada. The larvae are elongate, cylindrical grubs, 
like the other roundheaded borers. The adults are glossy, chestnut- 
brown beetles about % inch in length. 
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I'his insect attacks posts, poles, and the moist dead heartwood of 
-landin^i trees of many dilTerent luirdwood species. It was so common 
HI clie.stnut. especially in trees killed by the chestnut blight, that it has 
been called the chestnut pole borer. Even though it attacks living trees, 
it cannot be regarded as a primary insect, since it can gain entrance into 
the tree only through a wound, and then works in the moist dead lieart- 
wood. Thus a tree is in very little danger of attack as long as it is not 
injured in such a way that the heartwood is exposed. The chestnut pole 
borer usuallv confines its activities to the lower parts of the tree trunks 
or to tlie portion of a post or a pole near the ground line. 

The adults emerge in late .July and August and soon thereafter begin 
to oviposit. The females place their eggs in niches cut in the surface of 
dead wood or in the walls of old galleries. One egg is laid in each niche. 
In from 2 to 3 weeks the larvae hatch and take up their labors as wood 


borers. They tunnel through the heartwood and to a lesser degree in 
tlH‘ sapwood, making irregular tortuous galleries that may be several feet 
in lengtli. .\s they progress through the wood, they pack the frass 
behind them in the gallery. Many larvae work together in a limited 
area, with the result that the entire heart of the tree, at the point of 
attack, may he destroyed. Soon organisms of decay join the borer in its 
pernicious work, and the pole beeomc.s weakened and breaks off. It is 
prol)ahle that the larvae retpiire 3 years for their full development. On 
reaching full growth, they hollow out cells in the wood, where they trans¬ 
form to pupae and later to adults. The adults then cut their w’ay to the 
outside. 

The attack of this insect can he prevented by the usual kinds of pre¬ 
servative treatment. Full-length treatment is host; but if the poles or 
posts are given a butt treatment that extends at least 1 foot above the 
ground, they will be reasonably well protected. 

Subterranean Termites. Among the wood destroyers the termites 
comprise a most important group. These in.sects may be separated into 
three divisions on the basis of their habits; the moist-wood termites, the 
subterranean termites, and the dry-wood termites. The first group is 
relatively unimportant economically since it is usually confined to wood 
that is largely buried in the ground, and therefore these termites seldom 
attack materials of value. Members of the second group are by far the 
most important and widely distributed and will be discussed in this 
.section. The third group are more restricted in distribution but are 
destructive in localities where they occur. They will be discussed in 
the section on dry-wood insects. 

The subterranean termites make their nests in wood buried in the 
ground where the required moisture conditions prevail; but, unlike the 
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moist-wood termites, tliey are able to work out from the nest and invade 
wooden structures aboveground. Tliey must. liowe\er, always maintain 
moist conditions in tlieir tunnels aboveground. To do this their above¬ 
ground activities must be connected witli the subteiTijnean nest. It is 
for this reason that tliese insects are di.scussed in tliis .sciUion. 



J'lu. 81. Winged termites at time of swarming. Rclicxditerme^ vir^inxcus, {Bureau of 
Entomology a/ui PlatU QuaraiUine,) 


The termites are especially injurious in tropical parts of the world. In 
temperate lands, however, their activities are serious enough to cause 
concern as far north as Massachusetts, southern Michigan, southern 
Minnesota, and the north Pacific Coast states. Their greatest damage is 
to wooden buildings, posts, poles, and railroad ties. In a building that 
is not properly constructed, their attack may so weaken the structure as 
to cause collapse. 

The termites, like other insects that eat wood, are faced with a difficult 
nutritional problem. The material that they eat is chiefly cellulose, one 
of the most difficult of organic substances to digest. The relation 
between wood-eating insects and fungi has already been mentioned, and 
it seems probable that fungi may also be helpful in termite nutrition. 
Studies of termites have shown that these insects are provided with an 
intestinal fauna of protozoans that is directly responsible for the digestion 
of the cellulose eaten by the insects. Without these symbiotic helpers, 
the termites would starve, even though they continued to.ipgest wood. 
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How iiviwrA svu-li rdntion.s are among wood-boring insects is not known, 
|»„t it is reas(mabl(' to snspeet tlmt they are common. 

Subterranean termites are social insects somewhat ant-like m appear¬ 
ance and live in colonies compo.sed of a number of castes. Each caste 
lias a more or less specific function to perform, and each will be mentioned 
in the following discussion of their biology. The primary reproductives, 
usually called kings and <iueens. are the only members of the colony that 
at any time have functional wings. Ihese dark-colored long-winged 
males'and females swarm out of the nest at certain seasons of the year 
for the purpose of mating and establishing new colonies. The common 
termite of the eastern I'nited States, Reticulitmucs jlavipes, swarms early 
,n tlie spring. -Vfter a lirief fliglit period, they break off their wings and 
th(' jiairs that survive their hazardous expedition .seek suitable locations 
for new nests in woofl buried in the soil. Eggs are deposited, and the 
first broods of young are cared for by the young queen. Later she 
devotes Iier elTorts entirely to egg production. The nymphs develop m 
such a manner that each becomes adapted for .special duties. Some 
become workers, some soldiers, some primary reproductives, and some 
secondary or .supplementary reproductives. The last develop when the 
true king or riueen dies or when the colony becomes very large. Most 
of tlie nymphs develop into winglc.ss workers, which comprise the laboring 
class, or into large-maiulililed soldiers. These two castes form the major 
part of the colony. A smaller proportion of the nymphs develop wing 
pads and later become winged males and females. In addition to the 
nymphs that develop into winged adults, there are others Nvith shorter 
wing pads or without wing pads, which may develop into the supple¬ 
mentary reproductives. According to Pickens (Kofoid, 1934), these 
supplementary reproductives in the case of the western subterranean 
termite, RciiculUermes hesperus, develop more rapidly than the primary 
reproductives; they are at least as prolific individually and may live 
peaceably together several in a cell. Thus their presence speeds up 
materially the growth of a colony. He points out that the growth of the 
primary colony is very slow and accounts for the rapid infestation of 
buildings by the combination of several primary colonies, the elimination 
of all but one pair of primary reproductives, and the development of 
many supplementary reproductives. 

Termites may sometimes be in a building a long time before making 
their presence known by swarming, or by the failure of the timbers 
weakened by their mining. Their activities are mostly within the wood, 
but careful inspection will often reveal the presence of exploratory or 
bridging passages. 

The subterranean termites always enter wooden structures from the 
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ground, where the nest is located. The nest may he in a tree stump, in 
pieces ol waste wood buried near tlie loundation or under the building, or 
in other similar wood materials, hrom tliese nests the termites construct 
tunnels througli the grountl and co\ ered passages o\'er fouiulation walls 
and other objects too liard for tliern to tunnel. Thus their injurious 
work may be some distance from the nest; but they must, as we have said, 
maintain a continuous contact with the soil. I'he In.-^s of such contact 
is fatal. 


Therefore, the best way to protect wooden structures from the attack 
of subterranean termites is to l)uild in such a manner as to separate 
effectively the untreated wood from the soil by solid good-cpiality concrete 
or metal. Detailed specifications for the termite-proofing of building.s 
will be found in references cited in the bilffiography. In general, the 
following points should be observed: 

1. Clean up all waste wood under and about buildings and remove all 
tree stumps before grading. 

2. Set buildings on concrete foundations at least 18 inches above the 
ground, using a good cement mix either for a poured wall or for laying 
up a stone or block wall. 

3. Cap foundations with a metal termite shield. 

4. Use a good cement mix for basement floors and close expansion 
joints with pitch or metal. 

5. Keep all untreated wood away from contact with the ground. 

The best time to control termites in a building is at the time of con¬ 
struction. If, however, a building becomes infested, steps must be taken 
to construct a physical or chemical barrier, or both, between the nest 
and the infested wood. Also nests and potential nesting places near the 
building should be destroyed. 

It is advisable although not e.ssential to use sills that have been effec¬ 
tively treated against termites, or sills of resistant .species like redwood, 
southern cypress, the heartwood of longleaf pine, western red cedar, 
Monterey cypress, or western white cedar. Snyder (1948) lists several 
other less common North American woods that proved resistant during 
a 5-year test in infested ground. Some resistant tropical woods are, 
according to Snyder, teak, sal, camphorwood, and cypress pine. 

A number of materials may be used in treating wood to protect it 
against the attack of termites. One of the most satisfactory and effective 
methods is pressure treatment with creosote or pentachlorophenol. 
Brush treatments give some protection but are by no means so certain 
as the pressure method. 

Termites seem to be increasing in abundance in the north and central 
parts of the United States, and it is often felt that they are extending their 
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tl.w.rd Modern stvles in rcsidenee arcldtceture that demand 
::;:r,rt:;::ul.ionst:;he a stimulus ,o the multipneathm of these 

.f . Vnothei factor of importance in causing these insects to increase 
In^v he indirectly associated with the use of steam shovels for basement 
eKVavitious This method of exeavation usually leaves a large spa<e 
the'groun.l outside the foun.lation wall into which wood 
falls duriug constntetion. There is a tendency on the part of htuklers 
not onlv to leave this wood in the trench hut also to throw in o*her waste 
material, knowing that it will he effectively hidden by grading. In this 

wav ideal conditions for termites are created. _ . , 

Several states and many individual communities have 

into their building codes the minimum protective “ 

alwavs lie emplovod in localities where termites are seriotis pests (Cham¬ 
berlin 1949). Such regulations provide for approval by building insp 

tors and appear to be the only way to ensure satisfactory eonstructiom 
When buildings become infested and control becomes necessary, the 
objective will be to destroy the colony or colonies or, if this is impo.ssible, 
to place a barrier i>etwccn the colony and the infested building. 

attacking dry wood 

In the preceding sections of this chapter, those insects that usually 
attack moist wood have been studied. Now we come to a group of 
insects that are able to attack sound dry wood. There are comparatively 
few groups of insects that are able to live throughout their entire develop¬ 
mental period in this medium. It has been a constant question to ento¬ 
mologists how any insect can digest sterile wood. This has now been 
explained for the termites, as we have already seen, by the presence of an 
intestinal fauna capable of digesting cellulose: but it has not been demon¬ 
strated for most other wood eaters. It seems likely that this symbiotic 
relationship may be characteristic of most, if not all, of the dry-wood 

lllSOC t s 

Powderpost Beetles. The name powderpost beetle is applied to repre¬ 
sentatives of several small families of the Coleoptera that feed upon dry 
wood The two families that contain most of the powderpost species 
are the Bostrychidae and the Lyctidae. In America, the species of the 
genus Lyctus are the most common insects of this group. Lyctus plani- 
coUis, Lyctus paralU>lopipcdus, and Lyctus cavicollis are three common 

species of these beetles. 

These beetles are called powderpost beetles because of their effect upon 
the wood in which they work. They may reduce the entire interior of a 
piece of wood to a fine, flour-like powder, leaving only the exterior shell 
intact. These beetles are pests of the sapwood of broad-leaved species. 
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ood ot Oiik?^. )ii( kt)ri('s. jish, and jxiplar*- arc trcpuciitlv iiijuia'd 

Since the lioartwood is iinnuuic. ilic injury i> aluay> contmcd to tfic 
sapwood. 

The powderpost lieclles feed only in dry welt—(‘a>oncd wood. As a 
rule, a full year of air dryinc; is reijuired Ix'foia* the wood hecoines siiilai)lc 
to the taste of these hoeth's. ahhoujih >inall piece-; ma>’ dry tmt luoic 
rapidly and become snseeptihh* to attack in S montli< after cuiiin.u 
Kiln-dried material is suseeptihle to attack as soon as it leaves tlie kiln. 



1 

Fig. 82. Bostrychici tunnels in eucalyptus. The larvae of this in^^oct, Scobicia (icclhin, 
pack the frass in the tunnels as they bore through the wood. This habit is charactori.stie of 
most bostrychids. 


One full year is required to complete the life cycle of these insects. 
The adults emerge in early spring, and it is at that time that the injurious 
work of these pests is most likely to he noticed. It is not at all uncommon 
during the spring months for dealers in such hardwood products as 
handles and furniture or specialty stock to discover suddenly that they 
have been harboring these unwelcome guests. Sometimes when infesta¬ 
tion is severe, a merchant's entire supply of axe and shovel handles may 
be destroyed before he realizes that the insects are pre.sent. Occasionally, 
infested flooring may be laid and finished without anyone realizing that 
the wood is not perfectly sound, and it is not until the beetles emerge in 
the spring that their presence is recognized. Even furniture may be 
infested. When this occurs, it usually happens before the wood has been 
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Afl.T rhe ins,.,-ts i-morKo. the wood may be peppered with the 
lonnd. (“\it 


Dui.n.. the l.riel period of flight, mating takes place and the females 
M.ek onrsuitaldo places for ovipositi(,n. The eggs of the lyctus powder- 
post beetles are laid in pores of the sapwood. \Mien the young larvae 



l u;, S:}. Maiftllo ^tock hifotcd h>’ lyctus pow<lcrpost beetles. Observe that only the sap- 
utxxl is ininetl, cmerKeuce tunnels may pcrlorale the heartwood. {Bureau of 

Knlitmoloijy and Plntd Qiinraniint.) 


hatch, tlioy find themselves in a desirable location and immediately 
proceed to make the best of their opportunities. Their first meal con¬ 
sists of the remains of the egg.s from which they hatched, but from then 
on they find sustenance in the solid dry wood. The larvae cut irregular 
w inding galleries in the wood, packing behind them, as they progress, the 
finely pulverized frass. Tlie winter is passed in the larval stage. In 
early spring the transformation, first to pupae and next to adults, takes 
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place within the wood. The adult l)cotlos then cut their way to the 
outside. 

Prevention is the keynote of powdeipo>l beetle control, because after 
wood is once infested by these insects it is usually fit for nothinj^ except 
firewood. In lumberyard.s and inamifacturin*^ plants wIkmc larji(‘ ‘|uanti- 
ties of hardwood stock must be kept on hand, thoroufj;)! inspec[ion of 
wood more than 1 year old sl)ould be made annually for the purpose of 


eliminating any stock that may have be¬ 
come infested. The best time for inspec¬ 
tion is in the winter months. Infestation 
is usually indicated by .small (juantitie.s of 
fine borings that sift out of infested pieces. 
Infested pieces break oasiU', exposing the 
powder-filled tunnels to view. 

In order to simplify inspection, heart- 
wood and sapwood stock should not be 
piled together. The lieartwood is not 
susceptible and need not be in.spected. 
Wood in storage .should be classified ac¬ 
cording to age because the oldest wood is 
most likely to be infested. All new stock 
should be carefully inspected to prevent 
introducing the beetle into uninfested 
sheds and storehouses. Any suspicious 
material should be kept under observation 
for several months. 

Rapid utilization will greatly reduce the 
chance of infestation in storage sheds inas¬ 
much as wood that is less than 1 year old 
is never a menace. Woodworking in¬ 
dustries should always utilize the oldest 
stock first. All waste sapwood should be 



Fio. 84. Egc of n l>'ctus poweitM- 
post beetle inserted in u pore in u 
piece of Inirdwood. (Btireau of 
EtUomdooy and Plant Qua*antinc.) 


burned or hauled away from woodworking establishments; under no cir- 


cumstances should it be allowed to accumulate or else powderpost beetles 


may become established in these waste piles and from there infest the 


stock piles. 

Ordinarily the safest course of procedure in dealing with infested mate¬ 
rial is to burn it. Sometimes, however, a part of the stock that has not 
been too heavily injured may be saved if the insects working in it can be 
killed. To accomplish this, the dipping of infested wood in kerosene, 
an oil solution of DDT, or in orthodichlorobenzene has been recom¬ 
mended. Repeated applica ions of any of these materials to infested 
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hv ine:.ns of a i)rusli or a .pray, will kill tiie insects. The.se rnate- 
ri ils will evaporate and leave the woo<! unstained. In using hot mflam- 
nud.le oils such as kerosene, it .siiould he home in mind that to heat 
hnuids of this sort over an open flume is to invite disaster. Innammable 
oiU should always he heated hy steam coils arranged in the bottom of the 

dipping vat. 

One of the most elYective means of protecting susceptible wood Irom 
the attacks of powderpost beetles is hy treatment with boiled linseed oil, 
varnish, or paint. It will he remembered that the lyctus powderpost 
beetle's deposit their eggs only in open pores of wood. Ireatment with 
an\ of the materials mentioned above will clo.se the pores and pre\ent 
i,viposition hv the beetles. In many lumberyards it is customary to 
paint the ends of hardwood lumlier to prevent checking. This treatment 
also protects the wood again.-^t end attack by powderpost beetles. It 

iloes not, however, prevent side attack. 

Dry-wood Termites. Tlie dry-wood termite.s are limited in then- 

distribution in the I'nited States to a belt along the Atlantic Coast and 
the (lulf Coast from \'irgiuiu to 'I'exas, ami thence westward along the 
M('\ican border into C'alifornia. In ('alifornia they are found as far 
north as San Franeisco. They attack liuildings, posts, poles, fences, and 


other structures of seasoned wood. 

In many respects the life cycle and the nest organization of the dry- 
wootl termites are similar to those of the subterranean termites. In 
other respects they are finite different. For example, the dry-wood ter¬ 
mites rcfiuire no contact with the ground; therefore, the new attack may 
he at any point where tlie newly mated insects can find unpainted wood 
in a protected situation. 

I’nlikc the suhtorraneun termites, the dry-wood termite colony is com¬ 
posed chiefly of nymphs. Some of these, immediately after hatching, are 
soldiers with long mandibles designed for purposes of defense, but most 
of them arc workers that carry on the regular duties of the colony while 
they are growing to maturity. Some of the nymphs develop into primary 
wingcil scxuals, while others may become secondary sexuals without 
wings. 

The winged primary sexuals attack exposed wood in pairs. Open 
checks or cracks pro\ide favorable locations for these primary attacks. 
At first the new colony grows very slowly. Not until the elapse of several 
years would a single primary attack develop to appreciable proportions. 
Nevertheless buildings, especially those that are not painted, become 
heavily infested in a season or two. This condition can be explained only 
by multiple attack. Many pairs may start primaiy colonies close 
together. Soon their tunnels coalesce and appear to be a single large 
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colony. Then, .su])ploniente(l l>y siMondjirv tlic combinod colo¬ 

nies grow rapidly. 

When infc.slution occurs, treatment may he mad(\ using tlie c-hemicals 
discussed in Chaps. \'II1 aiul IX. Tlie insec(ici<lc siiould l)e injected into 
holes bored into the infested wood. Badly damaged timbers will, of 
course, have to be replaced. Since such control work is always expen.si\ e 
and usually not permanent, preventivt* practices are far more desirable, 
Good construction, with tight joint.s and with all pieces nailed firmly into 
place, is the first step in protection against dry-wood termites. 'I'his 
should be followed by thorough painting of all exposed surfaces. More¬ 
over all j)ainted surfaces should be repainted (jften enough to maintain a 
protective covering ov'cr the wood, liack painting of siding and wood 
trim with a primijig coat of paint or a wood {)reservative is excellent prac¬ 
tice. Finally, watchfulness is of |)rime importance if infestations are to 
be detected at an early stage when they can be most elTeclively treate<l. 


MARINE WOOD BORERS 

The wood-boring iiisects are so numerous, and their work is so con¬ 
spicuous and so familiar to everyone, that we are sometimes prone to 
think only of insects when we consider wood-boring organisms. As a 
matter of fact, however, wood provides food or shelter for many other- 
forms of life. Among the most important of these, from the economic 
standpoint, are the marine borers. In the strictest interpretation of the 
scope of forest entomology, these organisms would be excluded, but 
inasmuch as they are often thought to be insects by the layman and are 
responsible for tremendous losses wherever wood is used in salt water, it 
seems appropriate that at least a brief discussion of them should be 
included here. The most destructive of the marine wood borers are the 
bivalve mollusks called shipworms. Much damage also results from the 
activities of several genera of marine crustaceans called wood lice. The 
most common genus of these crustaceans is Limnoria. Each of these 
groups will be considered in turn. 

Shipworms. The shipworms belonging to the genera Bankia and 
Teredo have been known to maritime peoples since the dawn of history 
and have been studied periodically from earliest times. \\Tien we con¬ 
sider the time that has been spent upon the study of these creatures by 
investigators in centuries past, it is surprising that we know so little about 
them. The imperfect state of our knowledge concerning this group is 
emphasized by the statement of Bartsch, published in 1922, to the effect 
that “ . . . the complete life history of not a single species is known 
today.” Although much more information has been accumulated since 
this statement was made, especially on the Pacific Coast, much remains 
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,,, It is not surprising, therefore, that methods used in the 

contr.)! of these [)ests are not entirely suceessful. - r i • 

I„ tl... iK.st. it was tlioujtht tlait there were o.dy a few species of ship- 

worms ami that these were praetically universal 

l,as now heeii shown that many species exist and that, for the most part, 
oaeh one is delmitelv limited geoKraphieally, jn.st as terresdnal organisms 
are limited to definite ranges hy ecological factors. Bartsch. m his 
■‘Monograph of .\merieaii Shipworms,” lists 30 distinct species that 

inhahit the waters of the \^est(‘^n Hemisphere. 



Firt. 

>mon 


Tcrotlo n.Brine boror tunnels in ii piece of pilinR. Ecich tunnel is lined with a 
th calcareous n.nteniil secreted by the borer. On the right is a piece of piling infested 


heavily with ^vooll lice. 


Shipuorms attack all kinds of wood. Very hard woods are somewhat 
resistant hut are by no means immune to attack. It is said that very 
.soft, porous woods, like palmetto, are also not very attractive to ship- 
worms but nevertheless are attacked. In fact, shipworms will attack 
any wood that is submerged in salt water. The greatest damage is done 
to piling. The replacement cost of piling destroyed annually by these 
animals is tremendous. Table XII gi\'es some idea of the rapid destruc¬ 
tion of piling that may occur in warm salt water. It indicates that 
injury by sliipworms is greater in warm water than in cold. On the 
Atlantic Coast, the pest is not serious north of the Chesapeake Bay, 
although some species are able to live as far north as the Maine Coast. 
On the Pacific Coast, the warm waters of the Japan current make con¬ 
ditions favorable as far north as Alaska. Temperature, however, is not 


the only limiting factor in the life of these animals; salinity of the water 
has an influence upon them. Fresh water is decidedly detrimental; this 
probably explains the comparatively long life of piling at Norfolk, Va. 
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The shipworms in early life are free-swiminiij}! or^ani«ms and are pro¬ 
vided with a bivah e shell. After eertain stiijjes ha\'e been jjas.sc'd in the 
water, the young mollusks attach theinseh es to submerged wood. They 
then bore into the wood leaving very small openings to the outside. 
Under favorable developmental condition.s. a pile may be attacked by 
thousands of these tiny creatures. Once inside the wood, they grow 
rapidly and enlarge the tunnel to suit their increased siz(‘. d'he .shell is 
used as a boring tool and i.s no longer needed for protection of the body. 
The animal, in its burrow, is elongate and s«)ft bodied, with tlie small 
chisel-like shell at the anterior end of the body and. at the posterior end. 
two tubes that are the exhalent and inhalent siphons. Some of the larger 
species of shipworms may attain a length of 4 feet under favorable con¬ 
ditions, while other species ma\^ never exceed o inches in length. .Vs the 
shipworm develops within its tunnel, it secretes a calcareous, shell-like 
material, which is used to line the buri'ow. This lining i.s thicker in soft 
porous woods and thinner in harder woods. 


Table XII. 


Life of Pine Pii.incj in Diffebent Loc.m.itie.s* 


Loi'ulity 

Length of life in months 

Average 

1 

Mitiitnum 

Colon, Pannina. 

10 


Norfolk, Vu.' 

()0 

12 

Newport News, Va. 

24 


Hampton Roads, Va. 

18 


St. Andrews, Fla. 

30 


Pensacola, Fla. 

30 

12 

Fort Morgan, .Via.' 

' * 1 

12 

West Pascagoula, Miss. 

30 

12 

Texas City, Tex. 

12 

1 

Galveston, Tex. 

18 

1 

5 

Aransas Pass, Tex. 

12 

3 

Puget Sound, Wash. 

12 


Klawak, Alaska. 

36 

IS 


♦Smith, U , S . Dept , Agr ,, For , Serv ,, Cire , 128. 


Considerable diversity of opinion has been expressed concerning the 
food of the shipworms. Some authorities maintain that the wood passes 
unchanged through their digestive tract, and that their entire food con¬ 
sists of plankton drawn in through the inhalent siphon. Several investi¬ 
gators have demonstrated, however, that this is not altogether true. 
Although plankton probably forms a considerable part of the shipworm's 
diet, about 80 per cent of the cellulose and from 15 to 16 per cent of the 
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iH-n.irrllulosos (■o„tai..od i.i a l)ouKla-s-fir pile are lost during the passage 
,,r the wood through the digestive tract of Teredo navalis. Furthermore 
, 1 ^, p,o,,ortion of reducing sugars was much 'n the caecum of 

Hanlia i>etacea than in the original wood (Dove and Millet, U23, Millet 
and Boynton, 1920). From these ohservations. we must conclude that 
at least a part of the wood that passes through the digestive tract of these 

animals is digested aiul assimilated. ^ 

Owing to the fact that the entrance hole into the wood is very small 

and inconspicuous, there is usually little indication externally of the 
presence of the borers. More than one-half of the volume of a pile 
might easily be destroyed without any evidence of injury being apparent 
on'the surface. Only by cutting into the pile can its condition be ascer¬ 
tained. The portion of a pile that is mo.st susceptible to shipworm injury 
is that between mean tidewater mark and about 4 feet below low wat^r. 
The entrance holes are usually in this portion of the pile, although active 
boring may extend several foot above or below the point of entry. 

Control of shipworms is theoretically a simple matter but, practically, 
it is anything but simple. Protecting the susceptible parts of piling with 
any sort of covering will prevent the attack of these pests. Metal 
slieathing of copper or any other metal is efTective but e.xpensive, and 
not \'erv durable owing to the corroding action of salt water. Cement 
casings of various kinds have been suggested and experimented with, but 
have not proved .satisfactory because of cracks that are almost cerUin 
to de\'elop as the result of expansion and contraction, or of wave action, 
or the battering of driftwood. Likowi.se, coatings of tar, asphalt, pitch, 
and other similar materials give protection while they remain intact, but 
a single blow from a piece of floating debris may easily open the way for 
infe.station. Unbarked piling is not susceptible to shipworm attack while 
the bark remains intact, but it is next to impossible to find a pile with no 
break in the bark. The success of all these mechanical-barrier methods 
of protection depends upon the maintenance of an unbroken covering, 
for the smallest break opens the wood to an attack that may easily result 
in the complete destruction of the pile. The only really successful 
method of protecting piling against shipworms that has been developed 
so far is impregnation with creosote or other suitable preservative. Sur¬ 
face treatment is not sufficient. Only by pressure treatments, or by 
alternate hot- and cold-bath treatment, can the wood be sufficiently 
impregnated to resist attack. Satisfactory impregnation is impossible 
to obtain with dense hardwoods; therefore only pine, Douglas fir, or 
other porous softwoods should be used. 

Movable structures and boats may be protected by an unbroken cover¬ 
ing of paint. When borers have gained entrance into wooden vessels, 
they can be killed by running the boats into fresh water. 



WOOD DDSTROYDDS 


300 


Wood Louse. llic wood lou>(“. Ijinnoria, is aiiot)i('r of llio marine 
borers that does considerable damage al(^n<< tlie Atlantic Coast. It i.-. 
confincd to clear salt water and cannot endur<“ fresh or tinbid water. 
Its temperature ran<;;e is much «j;reater than that of the hhij)worms and. 
as a result, it is found much farther noith. It is verv cornmoji aloii'r the 
Xew England Coast and in the Hay of I'undy. 

The wood louse is a crustacean only about • s inch long and suggests in 
form a very small sow bug. Limnoria is gregarious and attacks piling 
and otlicr structures in large numbers, usually near low-water mark. 
As a general rule, the greater the dilTerence between high and low tide, 
the greater will be the vertical distribution of these organisms. 

Limnoria finds both food and shelter in the wood that it attacks. Each 
individual gallery is short, about ‘ 2 i'leh in length, and penet rates directly 
into the wood. \\’hen large numbers attack a pile, their tunnels almost 
touch so that the thin walls between them are (piickly worn away by 
wave action, leaving a new surface of wood ready for reinfestation. The 
progress of this injuj\' is slower but inor<* easil^• s(*en than the work of tin* 
shipworms. Heavily infested piling may lose 1 inch a year in diameter 
as a result of Limnoria attack. The control of Limnoria may be accom¬ 
plished by impregnating, with creosote or other suitable pre.servative, 
wood exposed to salt water. 


LOOKING AHEAD 

In concluding a book of this sort, we may be permitted to look toward 
the future for some indication of what may be in store for the forest 
entomologist. Forest entomology, as it is actually applied in the field, 
is becoming more and more a part of forestry. The young forest ento¬ 
mologist in his first job is likely to be assigned to surt'ey work. He may 
be surprised to find him.self using a compass, an axe, a diameter tape, and 
a tallj’ sheet more often than a microscope or pinning forceps. If he 
cannot use the ordinaiy tools of the forester, many jobs in forest ento¬ 
mology will be closed to him. He will be called upon to evaluate insect 
injury and. as soon as he has shown sufficient competence and judgment, 
he will be expected to advise forest managers on the practical problems 
of control and to direct control operations. 

Increasing Interest. These practical demands upon the forest ento¬ 
mologist have arisen as a result of increasing interest on the part of forest 
managers in the damage that insects are causing. They are beginning 
to realize that insects ha\'e been killing more timber than man has been 
utilizing and that much of this damage is unnecessary because many of 
these pests can be controlled. Some forest managers still wait until an 
insect outbreak gets under way before calling for help, but most of them 
are beginning to realize that they themselves can do much to prevent 
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insect losses. Many of them are beginihng to recognize that forests 
aifTer in tiieir degree of susceptibility to insect attack and are taking 
tliese (litTerenccs into consideration when acquiring forest properties. 
Furthermore, they have learned that, by certain forest practices, they 
ean do much to reduce the danger of e.xcessive insect multiplication, and 
when indirect methods fail, they are applying the various methods of 


direct control. 

Some companies are now employing technically trained forest ento¬ 
mologists to apply l)oth preventive and corrective forest-insect control. 
'I'hese men are expected to adapt known control practices to the specific 
conditions existing on the company’s lands and to instruct woods fore¬ 


men in wlien and how to apply certain practices. 

Shift in Emphasis. All this increased interest in forest entomology 
has resulted in a shift of emphasis from taxonomy and natural history 
to control, both preventive and corrective. Henceforth, the forest ento¬ 
mologist not only must know forest insects and their habits but must 
have a practical understanding of forestry and forest-insect control prac¬ 
tices. The adoption of the Forest Post Control Act was an outgrowth of 
increased interest and has contributed greatly toward the shift of empha¬ 


sis toward control. 

In tlie eastern United States we have seen the passing of the virgin 
forests and their replacement with second-growth stands and plantations. 
.Vs a result, the emphasis has shifted from insects affecting mature trees 
to those attacking young forests. Similarly in the AVest, a shift of 
emphasis is evident. As the virgin forest is being replaced with younger 
stands, there is developing an increasing interest in defoliators, plantation 
insects, and other pests of the younger trees. Thus it seems certain that 
in the future bark beetles will assume a position of lesser importance than 
is the case today. Large-scale control projects for the fir tussock moth 
and the spruce budworm indicate that the shift of emphasis away from 
hark beetles is already well under way. 

Looming Dangers. Large-scale spraying operations in the forest 
represent the beginning of a movement, the end of which is difficult to 
propliesy. It seems evident, however, that unless these operations are 
carefully supervised and controlled, they constitute a serious threat to 
biotic control agencies. Useful as sprajdng may be in the right place 
and at the right time, it can never profitabh' replace natural control. 
Forest entomologists recognize these hazards, but some forest operators 
do not. Interest in keeping their equipment busy and their staffs 


employed will prompt those offering spraying services to search vigor¬ 
ously for spraying jobs. The ready availability of spraying ser^^ces and 
fears of some operators may easily lead to spraying projects which are 
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not only uniiecossary but actually harmful, 
already resulted in some areas bein*; sprayed 
competent forest entomoloj^ists. This trend 
that cannot be disregarded. 


Pressure of this sort lias 
contrary to the advice of 
constitutes a real danger 


The Foiest Pest Control Act. desirable as it is m most respects, carries 
with it certain potential dangers. The a\ailability of Federal funds to 
aid states and private industry to control forest pests will doulitless 
encourage some unwise expenditures. Courage on the jiart of forest 
entomologists will be reipiired to prevent the initiation of uiinece.s.sary or 
undesirable projects. A second danger is that such a large proportion of 
trained manpower will be employed on actual control projects that other 


essential activities may suffer. If the.se dangers are recognized, they can 
be avoided. 


Some Requirements. The forest entomologist must realize that, in 
making decisions concerning control procedures and practices, he is com¬ 
pelled to assume a heavy responsibility. The correct decision maj* mean 
the saving of tremendous values in timber, perhaps millions of board feet. 
The wrong decision may result in correspondingly great losses or unneces¬ 
sary expense. Therefore, it is never safe to make these decisions blindly. 
The .stakes are too high to permit gambling. 

Before making a recommendation, the forest entomologist will have to 
know the hazards involved in terms of probable insect injury, the cost of 
the contemplated control procedures, and the results to be expected in 
terms of valuable materials saved. Only with this information at hand 
can he suggest intelligent action. After control operations have been 
completed, his responsibility does not end. He must determine as accu¬ 
rately as possible the results of the treatment. Onl}’’ in this way can he 
improve his judgment to meet the increasing responsibilities that will be 
thrust upon him. 


Conclusions. The apparent trends and the dangers inherent in them 
indicate an increasing need for well-trained forest entomologists. The 
finest type of personnel will be needed in this growing field. It is essential 
that the forest entomologist be broadly trained not only in insect biology' 
and ecology but also in silvics, silviculture, and forest management. He 
must learn to be cooperative, and he must be taught how to convey his 
information to forest operators and other interested people with such 
effectiveness that they will trust and follow his advice. 

Although the great majority of future forest entomologists will be 
engaged in control activities, there will always be need for some who are 
especially trained in the field of research. Through the activities of the 
researcher, we shall gain a better understanding of the comple.x forces 
that determine the rise and fall of insect populations, we shall learn new 
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,„otlu„ls <,f r,„<.st-inso<.t control, and we shall gain new in.sight into the 
:,n,l. ’licitV of other fore.st-insect prohletns. These research men must 
receive even broader ba.sic training than the man engaged chiefly m con- 
Not ererv forest entomologi.st will be adapted to dotng research 
work The re.seareher. in addition to the expected pualities of intelh- 
,ence and training, mu.st have imagination, patience, and a h.gh degree 
„f i„|..llectnal honc.sty; imagination to visualize possible solu lon.s of hi. 
pn.bleins; patience to perform the drudgery of collecting and 
liata; and intollectual honesty to prevent him from arriving at unjustihed 

cimehisions. i • . -vu *k. 

I,- our schools of forestry can turn out forest entomologists '^th tht 

sort of training described above and likewise forest managers and .silvi¬ 
culturists equipped by training to cooperate with these entomologists, 
forests in the future will have a chance of avoiding many of the terrihc 
insect losses siilTcrcd in flic immediate pa.st. If knowledge and cooper¬ 
ation go hand in hand, the outlook for effective forest uiseet control is 

bright. 
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damage caused by, 7, 201 
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moisture responses of, 03 
photo responses of. 01, 317 
physical factors affta-ting, 70. 317 
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shelter, 84 

weather and outhre.aks of, «)4 
Bugs, predaceous, 171-172 
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Calcium arsenate, 122, 123 
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Campbell, R. S., 326 

Camponctus herculeamis penytsylvantcus 
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Chapman, R. N., 61, 18.5, 316, 324 
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pupal cell of, 170 
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aphid), 70, 229-230 
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230-232 
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light and temperature responses of, 
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Chestnut curculios, 313 
Chestnut pole borer, 209, 295-296, 327, 
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Chinch bug, disease of, 103 
Chionaspis (Phenacaspis) pinifoliae (pine 
leaf scale), 236 



FOIiEST ENTOMOLOGY 


C'hloriliiiic, 1 HI, 125 
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as rc[)e!lciit. i 58 
(’hloropicrin. 117 
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perature, l id 
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282-284 
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Control, 03-133, 318-323 
administration of, 30 
biotic. 25, 101-104, 147-161. 321. 323 
vs. chemical, 13.3, 322 
chemical. 10.5-118, 319, 320 
classification of measures of, 97 
cost of, 94-97, 114-115, 275-276 
dcndroctonvjs beetle, 209-276 
Federal aid in, 25-28, 321 
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legislative, 135-137 
mechanical, 97-101, 137-146 
objectives of, 93-94 
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Cottonwood borer, 332 
Cover types, classification of, 45—46 
Craighead, F. C.. 19, 20, 68, 100, 101, 
129, 143, 185, 196, 209, 270, 279, 
313, 316, 318, 327, 330, 333 
Creosote, 116, 138 
Crombie, A. C., 73, 316 
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Cryptococcus fagi (bpcch si-alo). 328 
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of. 102, !04 

Cryptorhynchus lapolhi (poplar aiul wil¬ 
low borer), 135, 331, 332 
Cullinan, F. P.. 128, 319 
Culver, J. J., 165, 321 
CurcuHos, chestnut. 313 
Cxitting, seleetive or partial, 

324 

Cutworms, 3 
bait for, 129 

Cylindrocoplurns enloni (sec Weevil, re¬ 
production) 

Cynipidae, 1 
shelter of, in galls, 85 
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DDT, 10, 319, 320 
accumulation of, in soil, 128, 132 
application of, as dip, 116 
to seasoned wood, 118 
to soil, 121 

formulation of, 125-129 
effects of, on aquatic life, 131 
on birds and mammals, 130-131 
on insect populations, 130 
on plants, 128 

insect races resistant to, 132-133 
Dalana integerrima (walnut caterpillar), 
326 

Dawson, R. W., 60, 316 
DeBach, Paul, 318 
Decadence, post logging, 324 
Defects of timber, 314 
Defense, 82-83 

Deficiency Act of 1924, 25-26 
Defoliation, 194-196 
types of, 197 

Defoliators, coleopterous, 209-212 
hymenopterous, 212-219 
types of, 197-198 
Deguelin, 123 

Dendroctonus beetles, 22, 25, 265-277 
characteristics of, table, 268 
control of, cost of, 275-276 
with oils, 127 
with solar heat, 274, 318 
detection of, 272 
effect of precipitation on, 6 


Dctiilroi-toims bretU's, injury l•:lusc<l by, 
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as jircdators, 170 
suscvplibility of, to attack. 186 
wimlfalls anti outbr<‘aks of, liV.l I 10 
Diiiilrocfouits hrtvicoiiiis {stf Pirn* l)«*(*tU-. 
western) 

ftKjilinniuii (see Spruce beetle, I jigol- 
man) 

frontalis (see Pine licetlc, southern) 
jeiJnyi (Jeffrey pine beetle), 274 
monlieolae (see I’iru* be(*tle, tnoutOain) 
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poiiflerosae (see Black Hills beetle) 
pseiulolsugac (Douglas-fir beetle), 6, 

260, 330 

Density of stands, regulation of, 183-184 
Density dcpcmlenec, 70-80, 150, 318 
Denton, K. M, 62, 316 
Detection of outbreaks, 32-43, 272, 314, 
316 

Detergent materials, 126 
Diapause, inflvienec of light ami tempera¬ 
ture on, 316 

Diaphcroinera femoraia (see \\ alkingstick) 
Dicerca prolongala, 279 
Dickinson, R. C., 60, 316 
Dtnocampus coccinellac, 321 
Diori/ctria zimtnermani (Zimmerman pine 
moth), 329 

Diprion ((filpina) hercyniae (see Snwfly, 
European spruce) 

Dipterous cambial miners, 242, 332 
Disease-causing organisms, density de¬ 
pendence of, 79 
promising types of, 103 
and weather, 103 

Diseases, caused by bacteria, 63, 103, 150 
specificity of, 322 
spore vs. nonspore producers, 150 

fungi, 103, 151 
protozoa, 63 
virus, 151—153, 321, 322 
to control pine sawfly, 319 
of European spruce sawfly, 218 
Disposal of waste wood, 139 
(See also Slash) 

Dissemination of insects, 85-87 
by air currents, 86, 87, 204, 318 
causes of, 87 
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Distribution of iiis<‘ct-s, 58 
C(ot»i;ii)lu(‘, no 
loi-;tl. 58, 5'.) 

Diversification of forests, 1>\ age classes, 
181-182 

by species, 178-181 

Division of Forest Insect Investigations, 
20 25 

Douglas fir. 25 
eln rrnes on. 220-254 
protectioti of immature, 324 
resistance of, to ir»sects. 100 
spruce budworm on, 200 
Dougi-as-fir beetle, 0. 2()0, 330 
Doiiglas-fir [>it('h moth, 332 
Dove, \V, IF. 508, 333 
Draining water, 187 
Droso{)liila, 50 
reaction of, to light, 61, 316 
Drought, eff<‘ct of, on borers, 260 
Drying of green materials, 142 
Dry-kiln seasoning, 101 
effect of, on powilerpost beetles, 501 
Dry-wood insects, 500-505 
Dustan. G.. 175, 321 
Dusting from nir, 108 
Dutch elm disease, 21, 27 
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Eburia quadrigeminata (ivory-marked 
beetle), 50 
Ectoparasites, 105 
Eichhoff, 17, 18 

Elateridae (wireworins), 5, 252, 330 
Electrical charge on spray particles, 320 
Elliptone, 125 

Elm bark beetle, smaller European, 62, 
331 

control of, by sprays, 319 
effect of phloenv moisture on, 316 
Embargoes, 155-156 
Emergence holes, types of, 33 
Emulsions for spraying, 110 
Endoparasites, 163 
Engraver beetles, 261-265, 331 
fivc-spined, 263-264, 331 
four-spined, 263 
parasites of, 148 
pine, 261-265, 331 


Ennomos suhsignariiis (elm spanwormj, 
173, 326 

Enoclerun spheguR, 160-170 
Entoma, 106, 125, 319 
Entomogenous fungi, 316 
r>nvironmental resistance {see Resistance, 
pu\'ironmental) 

Epizootic, fungal, 151 
Efjuilibriurn {see Biotic balance) 
Eradication of insects, 93 
Ero.sion, soil, 95 
Estivation, 55 
Eubioviyia ralosoma, 321 
Eurnsnm sonomana (jack-pine eucosnia), 
329 

Eiipieromnlus nilidans, 323 
Evonden, J. C., 186, 209, 327 
Exposure, effects of, 259, 260 
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Fecuridity, 49-50 
values for, 52 
Felt. E. V., 18 

Fenusa pusilla (birch loaf miner), 326 
Fenusa ultni (European elm leaf miner), 
70 

Fiery hunter, 170-171 
Finney, G. L., 102, 318 
Fir engraver, 262, 331 
Fire, 1. 178 

infestations following, 139 
Fire-killed timber, deterioration rate of, 
321 

Fish oil, 126 
Fitch, 18 

Flagging of pine branches, 225 
Flatheaded borers, 69 
apple tree, 282-284, 332 
California, 5, 261, 332 
Fleming, W. E., 128, 319 
Fog machines, 107 
Foliage, quantity per acre, 320 
Fonus igniarius, 280 
Food, artiffcial media, 104 
quality of, 67-68 

changing composition of, for control, 
141 

quantity of, 66-67 

reducing of, for control, 139-141 






Food, searching for, risk of, 178 

% 

stimulus to migration. 87 
translocation of, in trees, 19.5 
Forbes, S. A.. 18, 322 
Forest entomologist, definition of, 1 
Forest entomology, imjmrtance of, 2-5 
literature of, 10-14 
sulidivisions of, 9-10 
{Set- also History of forest entomology) 
Forest Insect Investigations, I)i\ ision of, 
20-23 

Forest*insect laboratories, 21-23 
Forest Pest (.'ontrol Act of 1947, 27-28 
“Forest Service Handbook,’’ 330 
Forest types safe from outbreaks, 178 
Fort Collins, Colo., forest-insect labora¬ 
tory, 21 

Frass drop, 314 

Fredericton, N.B., forest-insect labora¬ 
tory, 24 

Freeman, J. A., 87, 318 
Friedricks, 17 
Fniit flies, 68 

Fruitmoth, Oriental, 60, 316 
Fruitworm, green, 326 
Fungal epizootic, 151 
Fungi, parasitic, 148 
symbiotic, 68 

G 

Galerucella xonfhottielaena (elm leaf bee¬ 
tle), 135, 210-211, 326 
Gall aphid, cottonwood, 227 
spruce, 229-231, 328 
Cooley’s, 230-232 
eastern, 70, 229-230 
Gall midges, 252, 329 
Gal! wasps, 1, 252 
Gamhrell, F. L., 251, 329 
George, J. G., 80, 130-131, 318, 319 
Gerould, J. H., 83, 318 
Glaser, R. W., 150, 152, 322 
Glycobuis (Plagtonoiva) speciosus (sugar- 
maple borer), 255-257, 332 
Gmelin, 15 
Gnathotrychus, 289 
Gnathotrychus tnateriartus, 290 
Goes tesselaius (oak sapling borer), 333 
Golden buprestid, 287-288 


(jossi/pfirifi (l'urnp(‘an i4ni sc;d(‘l, 

23S 240 

Graham. S. A.. 45. 49, 72. 8f), 100, 1 11. 
140. l.-i7, 172, iS7. 192, 200, 203, 
247, 248, 314, 316, 318, 320, 333 
Grav'<h«»j>|)CTs, liad for, 129 
(•n*en Hi\er lAiieriiiuMital .Management 
.\rea, 25 

Griswohi, G. H., 235, 328 
Ground beetles, 170 
Growtii, defoliation ell'ects on. 195 
rapiel tr(“i‘, I'fle'ct of, on insects, 69 70 
Grubs, wliitc. 3, 249-25! 

biotic <‘ontrol of, 172, 330 
ill nurseries, 319 
Gryso, J. .1. do, 24 

Gulfport, .Miss., forest-insect lal)oratory, 
21 

Gypsy moth, 27, 135, 203-205, 326 
aerial spraying, 320 
attractants, 43, 318 
diseases of, 150-152, 322 
effect of .site on, 323 
fatal low temperature for, 57, 317 
parasites of, 147, 162-166, 321 
predators of, 170-171, 173 
protection of eggs, 82 
silvicultural control of, 323 
sprays for, 127 
DDT, 319 

Gypsy Moth Laboratory at Melrose 
Highlands, Mass., 21, 147 

H 

Hall, R. C., 21, 185, 255, 278, 324, 332, 
334 

Hardiness to cold, 57, 317 
Hantioloya fnmiferana (see Budworm, 
spruce) 

Harris, 18 
Hartig, 16 

Haseman, L., 68, 316 
Hazard rating, 46 
Hazardous conditions, 183 
Heat, application of, 100-101 
(See also Temperature) 

Heliotropisra, 61 
Hemiptera, 220 

Hemisarcoptes malus, predaceous, on 
scales, 240 
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H<-in!«)ck, of. to (Iffolintion. l‘.K> 

n*'iiilo('k l>or« r, .">!). IH.'i. 2l>0 2f>l 
Ih iiilnck loopcr, 2."i. ISO. 20ti. 20'’. 326 
cfifitnW c>f. hy .■uTi;il spr.'iyiiiu. 319 

stancs of. 21 1. 212 
H<'iiniTt, 1.") 

Hcnsclid. 17 
Holrii-k. L. Tm. 316 

Hewitt. ('. 103. 1 17. 1.51. 326 

1 (ilic-riiariila. 100 
i lilxTii.-tt ion. .55 

role of water in, 316 
Iliekor\' spiral fn>rer. 332 
Ilieli-risk trees, r<*tno\al of, 102-10.3 
IIi>t()r\- of fore«;t <-ntf)t«iolo};y . 314 

(•oiil(“mporary work, 20-2."> 
nio(l<-rri period, in .\niiTi<'a, 10 

in l^llrr>pe. 17 

natiiral-liistors- period, in .\tnerlca, 18 
in I Europe, 10 

tax«inonii4'-l(iolo{;ieal perio<l. 10, 18 
//( nil nil ft HI pii h iiro!>(t fjinu {see Tntssock 
moth, white-miirked) 

H<Mls<.n. C.. 200. 326 
1 ioffinan, ('. H,, 132, 320 
lloinoptiTa, 220 

Hoinopt«‘roiis sap sm'k<*rs, 223-241 
Honeydi-w, 227 

Hopkins. D.. 18-20, .57, 160, 316, 322 
Hoi)pinK. G. H.. 200. 287, 326, 334 
Horntails. 201-203, 333 
parasite of. 154, 158 

Host-seleetion principle, Hopkins, 68, 

316 

Hosts, alternation of, 87 
Husk fly, walnut, 314 
Hydrocyanic acid gas. 117 
Hylobuis pales (Pales weevil), 141 
radicis (root-collar weevil), 332 
Hylolrupcs banjulus (old house borer), 50 
Hybirgopinus rufipcs {see Elm bark beetle) 
Hymonoptera, parental care among, 81 
Hyporparasitism, 155, 322, 323 

I 

Icerya purchasi (cottony-cushion scale), 
241 

Ichneumon flies, 75 
examples of, 162-163 
oviposition of, 154 


Immunity (see Resistance) 

Ineif)ient and ICinergericy Pest Control 
Act of 1037, 20 

Indian Head, 8ask., forest-insect labora¬ 
tory. 24 

Irdestcd materials, de.stniction of, 06 
Inj<‘etif>n of chemicals into .sap stream, 
117-118, 319 
Insect eradication, 63 
Insecticides, 122-126. 319, 320 
j)oisonoii.s. for baits, 123 
cla.ssification of, 121-122 
contact, 121 

de.«irable rpialities, 119-120 
for dipping. 116 
effects of. indirect, 130-132 
on para.<ite.«, 1.30 
on predators, 130-131 
formulation of. 125-129 

for concentrated sprays, 120-127 
for fumigation, 116-117 
nmde of entrance, 121-122 
physical forms of, 122 
pliysicnl properties of, 126, 320 
races of insects resi.stant to, 132-133, 
319, 320 

stability of, 120-121 
toxicity of, 119-120 
for treating of seasoned wood, 118 
use of, to poison soil. 116, 127-129 
as stomach poisons, 12l 
(iScc also Spraying: Sprays) 

Inspection of plant materials, 136 
Introduction of organisms, precautions 
in,174-175 
Ips, 249 

climatic factors affecting, 316 
migration of, to killed trees, 86 
Ips confusus (five-spined engraver), 263- 
264, 331 

oregoni (four-spined engraver), 263 
perturhatus, 62, 316 
and competition, 72 
pini (balsam-fir bark beetle), 263, 331 
Iron sulphate as repellent, 137 
Isaac, L. A., 190, 324 
Isaria farinosa, 151 
Isoptera {see Termites) 

Ivory-marked beetle, 50 
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J 

Jack-pine cueosma, 329 
Jack-pine sawfly, 216-217 
Japanese beetle, 43, 321, 323 
chemical control of, in turf. 319 
cfTect of precipitation on, 310 
milky disease of, 103, 150-1.01, 321, 
322 

traps for, 43, 318 
Johnson, P. C., 47, 314 
Joint Resolution of 1937, 26 
Jones. D. W.. 104, 318 
Jucliech and Nitscho, 16 

K 

Keen, F. P., 6. 22. 47. 05. 141, 192. 226. 

201. 270. 313, 316, 321, 324, 330 
Kemleigh, S. C., 1.30, 320 
Kollur, 16 

I-LiiUmer, C. J., 64, 316 

L 

Laboratories, forest-insect, 21-23 
of insect pathology, 24. 103, 322 

Canadian Laboratory of Insect Pa¬ 
thology, 149 

University of California, 149 
Lace bugs, 82, 222-223, 328 
Lacewing flies, 167-168 

in control of scale, 102, 240 
Lachnosterna (see Grubs, white) 
Ladybird beetles, 168-169, 323 
effect of insecticides on, 320 
feeding on scale insects, 240 
15-spotted, 168 
migration of, 87 
Larvae, movements of, 86 
Larval forms, 314 
Larviparous parasites, 154 
Larviparous species, 82 
T^ad arsenate, 122 
Leaf beetles, 209-212 
cottonwood, 212, 326 
elm, 135, 210-211, 326 
Leaf cutter, maple, 196, 327 
Leaf eaters, 194-219, 326-327 


Leaf inim'rs, bircli, 325 

I'mop»':m i4m, rcsic tatice of Amcri<‘aM 
»*lm to, 70 
locust, 327 
sli<-ltcr of. S5 
typc.<; of miru's, 197 
Leafeutfer bees, 8! 

LoFroy, U. M.. .50, 316 
Legislation on forest-insect control, Acts 
of Congress, 25-28 
state laws, 28-29 
Leopard moth, 277. 332 
Lepidoi)ter.a, leaf-eating, 198-212 
Leplinotarsa tlercutlintala (Col(>ra<lo po¬ 
tato hectic), 94 

Lcptocoris Irivittalus (box«‘l<ler luig), 221 
Life zones, Merriam, 57, 316 
Light, 60-61, 316 
res[)onse to, 316 
Lime-sulphur, 133 
as repellent, 137 
Liinnoria (wood louse), 309 
Lindane, 124 
Linden borer, 333 
Linnaeus, 15 
Linseed oil, raw, 126 
Lintner, J. A., 18 

Literature of forest entomology, 10-14, 
313 

Lilhophanc aniennata (green fruitworm), 
326 

Locomotion, 85-86 
Locust borer, 277-279, 333 
control of, 278, 324 
Lodgepole needle miner, 209, 210, 327 
Lonchocarpus, 123 

Looper, hemlock (see Hemlock loopcr) 
Losses due to insects, 5-9 
Lyctus (see Powderpost beetles) 

Lyctus cavicollis, 300 
parallelopipedus, 300 
planicoUis, 300 

Lygus oUinealus (tarnished plant bug), 
221 

Lyinantria monocha (see Nun moth) 

M 

MacAloney, H. J., 28, 247, 329 
McAtec, W. L., 173, 322 
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MrN;ir\-rS\v«M'iiy .\r( ot 102S. 2fi 
Moi/iliilis f)(irhilti aii'i M. aniiirollix (<’lni 
snout 331 

Mdiin iniiln .sv fihmti l iin (j»<Tio«lic:i! ci- 

22:{-22 J. 328 
Mainr forrst siirvrys, Ji.'i 
M(ihtrosiniui ilixxtria {xcr T<Tit (■at<TplllHr, 
forrst) 

fraijilix ((Jrrjit liasin tout cutcrpillar), 
21(J 

Maiiiiiials, 7;^, 75. 322 
«lcnsity <lriu‘ruirnrc of, 7U-80 
itisrc'tivoroiis, 172 173 
Ma|)l<'. Ont., forost-iiisect lalioratory, 
25 

Mapit* l)or<T, sujiar-, 255-257. 332 
Maplrwortu. grron-.striprd, 326 
Marino horcrs, 305-300, 333 
M.artin, C. H.. 02, 316 
Mailirr, \V. (I.. 200. 327 
Maliiifi, insurance of, 81 
M.atiirity, phy.sioloKical, 180-187 
MayHi(‘s, siil)iiiiano, 85 
Mt‘alyl)iiK. citrophilus, 102, 104, 318 
MnidviiUetia rohininr (locust borer), 277- 
270. 324, 333 

Mri/orhi/xsn (Thaltxsa) lunator, 1.54, 158 
Mclatiopliila beetles, 200-201 
(iSif (ilxo Fluthca<le(l borers) 
Mdnnophila califnrnica (California flat- 
heatled l>orer), 5, 201, 332 
Melolonthii, 249 
Mernbracidae, 221 

Meristematic insects, 212-276. 329-332 
groups of, 242-244 
Morriani, C. II., 57, 316 
MiiToplcctron, 103, 148, 322 
Midge, pitch, 4, 242 

Migration, from centers of concentration, 

86 

from locality to locality, 86-87 
Miller, R. C.. 308, 333 
Milwaukee, Wis., forest-insect labora¬ 
tory, 21 

Mimicry, 82-83, 254, 318 
Miridae (sec Plant bugs) 

Mist blowers, 107 
Mites, gall, 85 
predaceous, 107, 240 
spider, 130 


Mixerl stands, importance of. 178-180 
ModiOeation, of footl sujjply, 137-143 
of moi.sture, 143-145 
of temperature, 145-147 
Moisture for insect control, increasing, 
144-145 

reducing, 143-144 
Moisture cffeet.s, 61-66, 316 
Monarch butterfly, 83 
Mongoose, 173, 323 

Monocliamus, migration of, into fire- 
killed timber, 86 

Monochmnus confuaor (large pine .sawyer), 
50. 332 

scutfllatus (white-spettid sawyer), 50 
.\f onodontoint rus aereuXy 322 
Mosaic diseases, 220 
Mourning-cloak butterfly, 197, 327 
Multiplication, rate of, 48-50 
Muuro, 17 

N 

Nebraska National Forest, 160 
plantations, 74, 245 
Needle droop, 328 

Needle miner, lodgepole, 209, 210, 327 
Nelson, A. L., 6, 314 
Neoclytus, 249 

Ncodiprion lecontei (red-headed pine 
sawfly), 217 

scriifer, virus control of, 319 
Neophasia menapia (pine butterfly), 200, 
327 

New Haven, Conn., forest-insect labora¬ 
tory, 21 
Niches, 79 
filling of vacant, 93 
Nicotine sulphate, 122 
Nicotine tannate, 123 
Nitsche, 17 
Nordlinger, 16 

Nun moth, control of, by parasites, 
318 

disease of, 152 

Nutrients, soil, influence of, on insects, 
68, 316 

Nutrition, 67-68, 316 

Nygmia phaerrhwa (see Brown-tail moth) 
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o 

Oak twig girdlor, 329 
Oakwortn, California, 326 
orange-striped, 327 
Odors, attractive (see Traps) 
disagreeable, 82 
Old house borer, 50 
Opius, 159 

Oregon Forest Insect and Disease Act, 29 
Orthodichlorobenzene, 110 

formulation for bark beetl<*s, 127 
as repellent, 138 
spraying stumps with, 247 
Orthotomicus, 249 
Outbreaks of, insects, 90-92, 323 
causes of, 66, 91 
in Europe, 64, 317 
periodic, 90 

significance of, ecological, 91-92 
sporadic, 90 

P 

Pachyslethus oblivia (anomala beetle), 209 
Pandora moth, 327 

Parandra borer, Farandra bninnca (chest¬ 
nut pole borer), 209, 295-296, 327, 
333 

Parasites, 73-75, 101-104, 147-166, 321- 
323 

biology of, 323 

and biotic balance, 76 

effectiveness in control, 155-161 

effects of insecticides on, 130 

hyperparasites, 155, 163 

mass rearing of, 104 

specific, 156 

Parasitic insects, 153-155 
Parasitism, double, 158 
Parclemensia acerifoliella (maple leaf cut¬ 
ter), 196, 327 

Paris green (copper arsenate), 122 
Parthenogenesis, 51-52 
Particle size of sprays, 107, 111, 320 
Pathology of insects, 323 
Patterson, J. E., 22, 209, 327 
Payne, N. M., 57, 317 
Peairs, L. M., 59, 317 
Peirson, H. B., 23, 141, 219, 246, 248, 
326, 329, 331 


P«“riil>«Tt(m, I'.., 159, 322, 323 
Pi tn/)fii(ius i col ton- 

wood grill rijiliiil I. 227 
I’ciirdty syr^teni of tree cl;i‘<sific;it ion, 

192 

Pentaclilorophcnol. 116, MS 
Pontaloinidae (soldier or stink biigi, 171 
172 

Perris, 16 

Pests. ihtro<Iuc-tion of, 13"> 

Petrohnim oils, 126 

Petrova nlbicapitann (pitch-blister moth), 
256 

Pettit. R. H., 138, 321 
Phloem insects, 69, 254-27ti, 330 332 
order of attack, 271, 272 
Phloem necrosis of elm, 220 
Phloem-wood insects, 141, 277-285, 332 
333 

Photographs, aerial, 316 
Photosynthesis, 195 

Phri/ganidia ealifornica (California oak- 
worm), 326 

Phyllophuga (see Grubs, white) 
PhyUophaga drakii, 250 
Physical factors, effeids of, on spruce 
hudworm, 317 

influencing of, tlirough silviculture, 185 
Phytodietus on spruce budworm, 156 
Pigeon tremex, 154, 158, 292 
Pine, eastern white, 141, 247-251 
jack, 66, 67 

defoliation effects on, 196 
increase in quantity of, 181 
Jeffrey, 46 
lodgcpole, 22 
pouderosa, 5, 22, 46, 170 
defoliation of, 209 
red, 66 
sugar, 22 
western white, 22 
Pine beetle, Jeffrey, 274 
mountain, 331 
control of, 271 
by solar heat, 318 
by tree injections, 117, 319 
and windfalls, 140 
southern, 6, 266, 331 

control of, by moisture, 316 
by poisoning, 117 
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I’inc l)COtlo, western, 20C 
coTitroi of, 270. 321 
cianini'e caused l»y, 0 
lefliiil temperature for, 316, 317 
predators of. 323 
slasli and, 317 
Pine [>iifterny, 20'J, 327 
Pine motli, Nantucket, 00, 244-240, 324, 
329 

parasites of. 74, 140, 157 
soulhuestiTu, 240 
Ziininennan, 329 
Pine sawyer, large, .50, 332 
sj)otted, 50 
Pitu'us, 328 
Puiliole injury, 200 
Pisnoflf s rn{}rlmanui, 240 
kUcIk nsis, 240 

slrohi {scf Weevil, wliite-pine) 
Icnriiridlcs, 240 
Pileli-Mister inotli, 250 
Pitcli-tnass Purer, pine, 254-255, 332 
Pitcli midge, 4, 242 
Pitch moth. 242 
I)nuglas-fir, 332 
Pitcli tubes. 00 
I'ith decks, 242 
Pityogiuies, 249 
|)itie, 331 

1‘iiiiiiiji nrA hopkinfii (pine pityogcncs), 331 
Rifi/ol.tt ims sparsits (balsain-iir bark bee¬ 
tle). 203. 331 
Pityophthorus, 240 
Plant bugs. 221 
ash, 328 

disagreeable odors of, 82 
tarnislied, 221 
Plant lice, 3 

(5ce also Aphids) 

Plant i)hy.siologieaI factors, 68-71 
Plantations, forest, 4 
Platypus, 280 

Plvcirodera scalator (cottonwood borer), 

332 

Pofcilonnln cyanipcs, 279 

Poisoning of trees, 326 

Polo borer, chestnut, 209, 295-296, 327, 

333 

Polyenibryony, 50-51 

Polyhedral disease (see Diseases, virus) 


Polyphagous habit among parasites, 156 
Polyphemus, 316 
Pophain, W. I.., 25, 314 
Poplar borer, 279-281, 333 
Poplar and willow borer, 135, 331, 332 
Population, insect, appraisal of, 43-44, 
316 

endemic, 89 
high, 89-92 

levels of, 76-92, 317-318 
symposium on, 317 
Purlhelria dispnr (see Gypsy moth) 
Portland, Ore., forest-insect laboratory, 
22 

Potential, biotic, 48 

reproductive, 48-54, 316 
calculation of, 52 
in control, 94 
need for high, 94 
of parasites, 155-156 
survival, 48 
Potts, S. F.. 107, 320 
Powderpost beetles, 117, 139, 300-304, 
334 

effect of dry-kiln seasoning on, 301 
lyctus, 62, 317, 321 
predator of, 323 

Predators, 73-75, 101-104, 166-176, 

321-323 

in biotic balance, 76 
mammals as, 218 
mass culturing of, 102, 318 
Prell, H., 17, 317 
Prevention of spread, 124-137 
Primary insect, definition of, 243 
Prionoxystus robiniae (carpenter worm), 
138, 281-282, 320 

Prioniis laiicoUis (broad-necked root 
borer), 49 

Pristiphera tn'chsonii (see Sawfly, larch) 
Proctrotrupidae, 50, 154 
Protozoan parasites of insects, 148 
Pst udococcus gahani (mealybugs), 102, 
104, 318 

Pterocyclon, 289 

Puli'inaria vitis (cottony maple scale), 
236, 238 
Pyrethrum, 122 
Pyridine, 138 
Pytho, pupal cell of, 85 
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Q 

Quarantines, 135-136, 321 
Quayie, 11. J., 169, 323 

H 

Rain, effects of, 63 
Rate of spread, 160-161 
Ratzebiirg, 16 

Rccurvaria mHleri (lodK^pole needle 
miiiorj, 209, 210, 327 
Red scale, control of, by tiphitis, 318 
Regulatory practices, pros and cons, 136 
Repellents, 71, 137-138, 321 
Reproduction, of forest trees, 180-181 
insect habits of, 5 
sexual, 51 

insurance of muting, SI 
parental cure, 81 
parthenogimetic, 51-52 
Research, state-supported, 23 
Resin, flow of, 69 

Resistance, environmental, 48, 55-75, 
316-317 
in Arctic, 78 
effects of, 77-80 
factors of, biotic, 71-75 
compensating, 77-78 
nutritional, 66-68 
physical, 55-66, 78 
plant physiological, 68-71 
offsetting of, 80-89 
stimuli for dissemination, 87 
of trees, to attack, 66, 69-70 
breeding for insect, 188-190 
to disease, 324 
to defoliation, 195 
through distastcfulness, 70-71 
through foliage characteristics, 70 
to injury, 69-70, 324 
of wood to termites, 299 
Reliculilennes Jlavipes, 298 
hespenis, 298 
virginicus, 297 
Rhagium, pupal cell of, 85 
Rhizobius veniraliz, 168-169 
Rhumbler, 17 

Rhyacionia buoliana (European pine 
shoot moth), 66, 246, 329 


Rlii/acionid fniKlrami’' (Nantucket jiiiic 
moth!, tiO. 211 216, 324, 329 
iHn}ni xirana (>oiit hwe-teni pin<‘ iiiotli), 
216 

Riley, C. N.. 18. 333 
Risk rating. 47. 192-193, 324, 326 
Rold.ins, C. S., 130, 320 
Rodolin {Vddalia) cardinal in (xudulia 
be»‘tle), 211 

Root borer, liroad-nec-ked, 19 
Root in.sects, 219-25:?, 329-330 

control of, })>• soil poisoning, 127-128 
Root rots, 258 
Rotciione, 123 
Rustic materials. 117 

S 

Satilus, Unio, 17 
Saddled [iromincnt, 80 
parasite of, 321 
St. George, R. A., 117, 319 
Salman, K. A., 192, 324, 326 
Salvage, sanitation, 7, 192-193 
Sanderson, E. D., 57, 59, 317 
Sap-sueking insects, 220-241, 328, 329 
Saperda calrarata (poplar borer), 279- 
281, 333 

veslila (linden borer), 333 
Sapling borer, oak, 333 
Sarvophaga aldrichi, 322 
Satin motli, 327 

parjisites of, 162, 164, 322 
Sault Sainte Marie, forest-insect labora¬ 
tory, 24 

Sawflics, larvae of, 213, 215 
Sawfly, European spruce, 135, 217-219, 
326 

control of, 318 

biotic, 103, 321, 322 
by \drus disease, 148, 153, 321 
parthenogenesis, 51, 316 
jack-pine, 216-217 
larch, 7, 25, 135, 213-214, 323, 326 
biotic factors of, 147, 172, 322, 324 
control of, by water regulation, 187 
losses caused by', 7-8 
moisture effects on, 324 
parthenogenesis, 50 
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Snwfly. [>ino. fifj, 21(1 217, 327 
<-iimjM*tis:itin(£ rcsistaiirp, 77 
■ •tYcc f of rain on, (»:i 
rp<l-lif:u!p(l, 21 7 
spiTiyinji for, 11 I 

Sawyer. w|iit<--spot(e<l, 284 28.a. 333 
Sc;il<\ l>taek. Inotie control of. 10!(, 318 
cottoiiN-cusliion. 241 
cottony niaplo, 230-238 
liiiropp.-in elm, 238-240 
oystcrslicll, 40. 235-230, 323 
pine i<‘nf, 230 
l)lack, 234 

pine tortoise, control of, by ladybird 
beetles. 102 

San Jose-, rosist.ance of, to lime-sulphur 
sprays, 133 
scurfy, 111, 230 
Scale insects. 3. 234 241. 328 
[)rc(l.ators of, 107 
protective .s«“cn'tion of, 84 
Scarification of ('rotitid, 180 
Sclia<l|. 17 
Scliarf(“nl>er»;. 17 

Srali/liilar (ertjrraxMT beetles), 201- 205, 

331 

Scolytus, 240 

Sroh/tus un/l(i.slrintux (ser I:)Im b.ark bee¬ 
tle) 

quadrispinosufi (hickory bark f>cetle), 

331 

vtnirali.'i (pine enRraver beetle), 261- 
205, 331 

Searching ability of parasites, 157 
Seasoning of wood for control, 142 
Socontlary insect defined, 243 
Seed of forest tree, destruction of, 2 
selection of, 188 
Sex factor, 51-52 

change in, caused by diflferential mor¬ 
tality, 159 
efTect of, 51 
Sex ratio, 48 

elTert of starvation on. 316 
{Sve also Sex factor) 

Shade, influence of, on temperature, 100, 
101 

to reduce temperature for control, 146 
Shelter, 84 

Shelter Belt, insects of, 314 


Shipworins, 305-308 
Shoot insects, 329 

Shoot moth. Enropenn pine, 66, 246, 32f' 
low fatal temperature, 57 
and straight growth of trees, 18-1 
Shread, J. C., 128, 251, 320, 330 
Silting damage, 95 

Silvicultural control, basis for, 177-178 
Siricidae, 67 

migration to killed trees. 86 
parasites of, 154 
(Scr also Horntails) 

Site quality an<l insect injury. 96, 186- 
187 

Skeletonizer, birch leaf, 108, 326 
competition ends outfircaks of, 72 
defoliation by, 197 
Slash, insects in, 321 

control of. 140-141, 264 
and western pine beetle, 140, 317 
Smith, H. S.. 79, 102, 318, 319 
Smith. S. G.. 50, 316 
Snout beetle, elm, 331 
Snow-white linden moth (elm spanworm), 
173, 326 

Snyder, T. E., 139, 317, 321 
Sodium arsenite, 123 
Sodium lauryl sulfate, 126 
Soil, 45 

poisoning of, to control insects, 116 
Soil erosion, 95 
Soldier or stink bugs, 171-172 
Solid-stream nozzle, 106 
Sorosporella iivella, 323 
Soybean oil, 126 
Spanworm, 83 
elm, 173, 326 
(iSec also Hemlock looper) 

Sparrow, English, 173 
Sphinx, catalpa, 326 
Sphlers, 75, 167 
Spines, venomous, 83 
Spittlob\igs, 224-226 
Saratoga, 66, 328 
alternate host of, 185 
pine, 224 

spray for, 127, 132 

Spray application, controlling of, 111-112 
solutions for, 116 

Spray particles, electrical charge on, 320 






Sprayer, bnck-piimp, 106 
compressed-air, 106 

Spraying, with aerial equipment. 108 
115, 320 

ground control, 112 
handling of insecticides in, 110-111 
laying out of projects, 109 
loading, base, 109-110 
sendeing of planes for, 110 
use in, of airplanes with fixed wings, 
109-110 

of aerial photograph mosaic, 111 
of autogyro, 109 
emidsions for, 110 

with ground equipment, 105-107, 126- 
127 

of ornamental trees, 105-106 
Spraying services, commercial, 112 
Sprays, concentrated, 107, 123, 126-127 
Spread of pests, precautions against, 137 
Spreaders, 126 

Spruce, Colorado blue, importation of 
nursery stock, 135 
Norway, 324 

variety of, resistant to gall aphid, 70 
Sitka, gall aphid of, 229-230 
white, reproduction of, 2, 324 
Spruce beetle, eastern, 6, 62, 266, 330 
competition with, 72 
ICngelman, 22, 266 
damage by, 334 
windfall and, 139 
Stagnation of young forests, 184 
Staminute flowers and spruce budworm, 
201 

Stcinhaus, A. E., 150, 323 
Stilpnola salicis (see Satin moth) 

Sting, venomous, 83 
Storm track, 64, 316 
Straight growth of trees, 184 
Streptococcus disparts, 150 
Strong, Lee A., 135, 321 
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